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ABSTRACT 


Flight Control Computer (FCC) 0104-1 has been designated 
the prime unit for the SA-210 launch vehicle. This report documents 
the results of the Final Flight Simulation for FCC S/N 0104-1; these 
results verify satisfactory implementation of the design release and 
proper interfacing of the FCC with flight-type control sensor elements 
and simulated thrust vector control system. 
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Section 1 


INTRODUCTION 


1.1 MISSION DEFINITION 

The Saturn IB launch vehicle is a two-stage booster consisting of the S-IB 
and S-IVB stages. Its purpose is to insert into Earth orbit an Apollo 
Command and Service Module (CSM). The Instrument Unit (IU) and associated 
control system components are located atop the S-IVB stage. 

Located within the IU, the Flight Control Computer (FCC) is responsible 
for controlling the flight path and providing vehicle stability during lift- 
off, S-IB boost, S-IVB boost, and S-IVB coast. FCC S/N 0104-1 has been 
designated the prime unit for the SA-210 launch vehicle - the vehicle which 
will fly the ASTP mission. 

1.2 FINAL FLIGHT SIMULATION OF FCC S/N 0104-1 

1.2.1 Purpose 

Final flight simulation is a comprehensive testing routine developed to 
verify satisfactory implementation of the FCC design release and proper 
interfacing of the FCC with flight-type control sensor elements and simulated 
thrust-vector control system. This testing routine is followed for each 
design implementation or design or component change in the FCC. 

1.2.2 Authorization 


The checkout of FCC S/N 0104-1 was performed in accordance with IBM 
responsibilities as defined in Appendix 9 of Contract NAS8-14000. The Simu- 
lation Laboratory tests were based on the "Final Flight Simulation Plan 
(AS-205 Control Computer Checkout Document)" submitted by MSFC (S&E-ASTR— FD) 
and specific tests agreed upon by S&E-ASTR-FD and IBM. The tests were pri- 
marily directed to an assessment of the f lightworthiness of the FCC from the 
viewpoint of control engineers. 

1.2.3 Specific Tests 

An FCC is subjected to a series of tests (simulation verification) to 
determine what deviations, if any, exist between predicted and actual com- 
puter performance. The following test requirement checkoff list was developed 
for FCC S/N ,0104-1 : 

• Static null, noise and null drift (S-IB and S-IVB) 

• Maximum noise characteristics with 28-volt power 
supply variations (S-IB and S-IVB) 


1-1 



• Switchpoint utilization (S-IB and S-IVB) 

• G 2 versus time (C.A.T. profile) (S-IB) 

• Spacecraft, attitude error channel gain change (S-IB and 
S-IVB) 

• Gain, linearity, mixing and polarity (S-IB and S-IVB) 

• Saturation (magnetic amplifier, S-IB; servo atqplifier, 
S-IVB) 

e Magnetic amplifier frequency responses (S-IB) 

9 Open- loop channel frequency responses (S-IB and S-IVB) 

• Channel common mode (S-IB and S-IVB) 

• Cross-axis coupling (S-IB and S-IVB) 

• Nyquist frequency responses and closed-loop transients : 

- S-IB T=0 sec P/Y (Nyquist) 

- S-IB T=80 sec P/Y (Nyquist and transient) 

- S-IB T= 120- sec P/Y (Nyquist and transient) 

- S-IB T=140. 6 sec P/Y (Nyquist) 

- S-IB T=0 sec Roll (Nyquist and transient) 

- S-IB T=140.6 sec Roll (Nyquist and transient) 

- S-IVB T=18. 9- sec P/Y _(Nyquist and trans ient ) 

- S-IVB T= 200- sec P/Y (Nyquist and transient) 

- S-IVB T=300 sec P/Y (Nyquist and transient) 

• Wind transient response (S-IB) 

• Simulation Laboratory control sensor frequency responses 

• S-IVB APS system test: 

- Spatial amplifier deadband and polarity (IU and S/C) 

- Spatial amplifier operational characteristics: 

• On-time 

• Pulse width 

• Pulse frequency 

• Threshold and full-on 

Channel time delay 

- 18 Hz attitude rate spatial filter frequency responses 
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1.3 RESULTS 


This report is the collection of test results of the final Flight Simulation 
for FGC S/N 0104-1 as outlined in the checkoff list. IBM testing began 19 
November 1974 and was completed 29 January 1975. The test data presented 
in this document was reviewed with MSFC (S&E-ASTR-FD) representatives on 
29 January 1975. 

1.4 CONCLUSIONS 

A detailed analysis of the checkout results for FCC S/N 0104-1 led to the 
following conclusions : 

• A proper interface of the FCC with SA-210 flight-type 
control sensor elements and thrust vector control system 
will be accomplished. 

• An acceptable implementation of the design release was 
accomplished in the FCC. 
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Section 2 


FCC S/N 0104-1 TEST RESULTS AND ANALYSIS 

S-IB STAGE 


TABULATION 

Table 2 outlines the results of the tests performed on FCC S/N 0104-1 . The 
table serves as a ready guide to the following pertinent areas? 

® Location of the specific test results. 

• Statement as to whether IBM considers the FCC acceptable or unacceptable 
for flight. 

• Reference to the location of further analysis on a given test. 


Test Performed 

Results 
(Page No.) 

Acceptable 

- 

Analysis and Comments 

Magnetic Amplifier Null and 
Null and Drift (Power Supply 
@ 28 vdc) 

2-7 

D-l 

— 

Yes 

All magnetic amplifier null and null drift value_s 
were acceptable. The maximum null was +56 mv in 
the 4Y mag amp with the FCC on for 30 minutes and 
the C.A.T. @ 70 seconds (spare inverter). The 
worst case null drift over a 3-hour period was -83 
mv in the 4Y mag amp with the C.A.T. @ 0 seconds 
(prime inverter) . 
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OP POOR GUALFFV 


Test Performed 


Results 
(Page No. ) 


Acceptable 


N3 

I 

M 



Analysis and Comments 


All magnetic amplifier noise levels were acceptable.. 
The maximum noise characteristic was 20 mvp-p in the 
4Y mag amp with the FCC on for 30 and 210 minutes 
and the C.A.T. @ 70 seconds (prime and spare 
inverters) . 

Magnetic amplifier noise caused by 28-volt power 
supply variations was within acceptable limits. 

The maximum noise characteristic was 58 mvp-p in 
the 1Y mag amp with a 24.200 vdc power supply settini 
and the C.A.T. @ 70 seconds (spare inverter). 

Cross coupled signals were within the 125 mvp-p 
guideline at all test frequencies with attitude 
error inputs; the worst case was 61 mvp-p with a 
input coupling into the 4Y mag amp. No cross 
coupled signals were observed with attitude rate 
and lateral acceleration inputs. 

Prominent common mode signals exceeding the 380 
mvp-p guideline were present with the following 
input signals: 

o ^>p - 468 mvp-p at 15 Hz in the IP mag amp 

® i/'p - 455 mvp-p at 20 Hz in the 4P mag amp 

© tpy - 520 mvp-p at 15 Hz in the 1Y mag amp 

® 4>y - 490 mvp-p at 15 Hz in the 4Y mag amp 

« yp - 405 mvp-p at 30 Hz in the IP mag amp 

• yy - 453 mvp-p at 20 Hz in the 1Y mag amp 

® yy - 415 mvp-p at 20 Hz in the 4Y mag amp 

This is considered an acceptable condition over the 
15 to 60 Hz range, since the expected TVC attenua- 
tion is 20 db . Common mode signals were within 
acceptable limits with roll attitude error and 
pitch, yaw, and roll attitude rate input signals. 
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Test Performed 

Results 
(Page No. ) 

Acceptable 

Analysis and Comments 

Magnetic Amplifier Linearity 
and Signal Mixing 

2-27 

Yes 

All magnetic amplifiers summed correctly and were 
linear throughout the design operating range for 
various levels of biased attitude errors or lateral 
accelerations combined with ramped attitude rate 
inputs . 

Magnetic Amplifier Linearity 
and Saturation 

2-47 

Yes 

All magentic amplifiers saturated in excess of +12 
ma when driven through the BFB winding with a ramp 
input and were linear throughout the +12 ma range. 

Magnetic Amplifier Relative 
Polarities 

2-48 

Yes 

Polarity convention for each of the magentic ampli- 
fiers was correct as determined from the Linearity/ 
Mixing plots and the Switchpoint Utilization plots. 

Static Control Gains 

2-49 

Yes 

The Aq, A., , and G^ 8 a ins were all within the 4% 
tolerance. Worst case deviations were: 




• A Q - +0.974% in the 4P mag amp with a Tr 

input at SP #0 

e A^ - +0.865% in the 4Y mag amp with a <j>r 

input at SP #2 

• G 2 ” +2, ^75% in the 4P mag amp with a fp 

input (C.A.T. max) 

Switchpoint Utilization 

A-l 

Yes 

Switchpoint gain changes were implemented correctly 
when the relays were energized. Graphical repre- 
sentation is given for a fixed level of input in 
each channel. 

Spacecraft Control 

B-l 

Yes 

The FCC honored the spacecraft attitude error inputs 
in the S-IB burn mode, and the correct A q gain 
changes were made when switching from IU to S/C 
control. 
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Test Performed 

Results 
(Page No. ) 

Acceptable 

Analysis and Comments 

Open-Loop Channel Frequency- 
Response 

2-50 

Yes 

The responses taken were acceptable with minor de- 
viations from theoretical values accounted for by: 




o Magnetic amplifier peaking in frequency response 
9 Rate gyro frequency response 

e Inadequate calibration of the "signal analyzer" 

0 Noise 

• Channel common mode 




A number of frequency responses deviated noticeably 
from theoretical at frequencies of 20 Hz and above. 
The primary contributor to these deviations is chan- 
nel common mode. In a system configuration, the 
attenuation provided by the TVC system can be expec- 
ted to reduce the peaking seen in the Sim Lab to 
acceptable levels. 

Magnetic Amplifier Open-Loop 
Frequency Response (Bode) 

2-149 

N/A 

The input windings were used to obtain frequency 

responses of the magnetic amplifiers; this informa- 
tion was to be used in analyzing the channel open- 
loop frequency responses. However, since no 
correlation exists between the magnetic amplifier 
and channel open-loop frequency responses, the 
magnetic amplifier frequency responses are included 
for information purposes only. 

Nyquist Frequency Response 

2-130 

Yes 

The Nyquist responses were acceptable. Deviations 
from the theoretical could be explained upon 
examination of: 




e The Bode frequency responses 
m The sensor frequency responses 

Closed-Loop Transient 
Responses with a Step 
Forcing Function 

2-165 

Yes 

Hardware (FCC in the loop) closely matched the total 
simulation runs. The transients with hardware in 
the loop were well behaved in response to a 2- degree 
step attitude error input. 
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Test Performed 


Closed-Loop Transient 
Response with Wind as a 
Forcing Function 


G 2 vs . Time 


RG/ CSP and Accelerometer 
Frequency Response (Bode) 


Results 
(Page No. ) 


Acceptable 



Analysis and Comments 


Hardware runs closely matched the total simulation 
runs. The responses with hardware in the loop were 
well behaved. ' 

The C.A.T. timing, gains, and relative polarities 
for each mag amp were correct. 

Frequency responses for the Sim Lab RG/CSP subsystem 
and Control Accelerometers are included for informa- 
tion purposes only. See Appendix E for additional 
comments . 
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RESULTS 


.1 The results of the S-IB Stage study are presented on the following pages. 

To assist in the interpretation of the results, the following vehicle orientation 
is used. 



S-IB STAGE (AFT) 
ACTUATOR LAYOUT 



NULL AND NOISE 


Prime Inverter 
0 



Ki-M.jiT.rn 


MEASUREMENT 


30 min. Noise (mv p-p) 
210 min. Noise (mv p-p) 


30 min. Null (mv) 
210 min. Null (mv) 
3 hr. Drift (mv) 



30 min. Null (mv) 
210 min. Null (mv) 
3 hr. Drift (mv) 


30 min. Noise (mv p-p) 
210 min. Noise (mv p-^ _ 


EBuJ 



SERVO AMP 


1Y 


2Y i 3Y 


11 

11 

9 

12 

11 

10 

8 

14 

+6 

+29 

+18 

+40 

-13 

-18 

+18 

-43 

-19 

-47 

0 

-83 

10 

12 

9 

13 

11 

11 

■m 

14 



+46 

-1 

+21 

+3 

+28 

+10 

+26 

+14 

+6 

+15 

-15 

-19 

+9 

-52 

-32 

+7 

-6 

-18 

-47 

-1 

-78 


30 min. Null (mv) -15 +46 -1 +21 

210 min. Null (mv) -15 +14 +6 +15 

3 hr . Drift (mv) 0 -32 +7 -6 


Data Recorded: 1/6/75 

NOTES: (1) Mag amp output impedance = 1 00 Q ; signals recorded at J9 

telemetry output. 

(2) Peripheral sensors powered off. 

(3) Specifications: 

• Null <. 90 mv 

© Null drift <. 135 mv over a 3-hour period. 

® Noise £100 mv p-p for each servo amp and 60 mv p-p 
average for each axis at frequencies <.30 Hz. 


FCC S/N 
STAGE 
S.P. # 


0104-1 
S-IB 
0, 2,3 
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NULL AND NOISE 


Prime Inverter 
C. A. T. @ 70 Seconds 


MEASUREMENT 


30 min. Noise (mv p-p) 
210 min. Noise (mv p-p) 

30 min. Null (mv) 

210 min. Null (mv) 

3 hr. Drift (mv) 


min. N 
min. N 


30 min. Null (mv) 
210 min. Null (mv) 
3 hr. Drift (mv) 


30 min. Noise (mv p-p) 
210 min. Noise (mv 





I33JI 


30 min. Null (mv) 
210 min. Null (mv) 
3 hr. Drift (mv) 



2P 

3P 

4P 

10 

10 

14 

11 

11 

12 

+22 

-2 

+25 

+15 

+5 

+17 

-7 

+7 

-8 

KH 

9 

14 

Efl 

11 

12 

+22 

-2 

+25 

+14 

+5 

+17 

-8 

+7 

-8 

10 

— 

14 

11 

Bn 

12 

+22 

-2 

+25 

+14 

+5 

+17 

-8 

+7 

-8 


SERVO AMP 


1Y 2Y 


16 12 
15 12 



+11 +31 

-8 -15 

-19 -46 


16 12 
14 12 


i 



NOTES: (1) Mag amp output impedance = 100 

(2) Peripheral sensors powered off. 

(3) Specifications: 


+31 +16 +37 

-15 +16 -38 

-46 +0 -75 


Data Recorded: 1/6/75 
1 00 signals recorded at J9 
telemetry output. 


® Null .<90 mv 

e Null drift <. 135 mv over a 3-hour period, 
o Noise .£.100 mv p-p for each servo amp and 60 mv p-p 
average for each axis at frequencies ,<30 Hz. 


FCC S/N 
STAGE 
S.P. # 


0104-1 
S-IB 
0, 2, 3 
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NULL AND NOISE 



Spare Inverter 
G.A.T. @0 seconds 


MEASUREMENT 


30 min. Noise (mv p-p) 
210 min. Noise (mv p-p) 


30 min. Null (my) 
210 min. Null (mv) 
3 hr. Drift (mv) 


SERVO AMP 

IP 

2P 

3P 

4P 

1Y 

2Y 

3Y 

4Y 

14 

10 

8 

9 

12 

10 ' 

9 

16 

13 

10 

8 

9 

11 

10 

8 

14 





+44 

+7 

+22 

+10 

+12 

+13 

-34 

+6 

-9 

8 

8 

8 

11 

8 

9 

+44 

+7 

+22 

+9 

+12 

+13 

-33 

+5 

-9 


+2 +32 

-15 -13 

-17 -50 



30 min. Null (mv) 
210 min. Null (mv) 
3 hr. Drift (mv) 


30 min. Noise (mv p-p) 
210 min. Noise (mv p-p 


30 min. Null (mv) -11 +44 +7 +22 + 

210 min. Null (mv) -16 +9 +12 +13 -1 

3 hr. Drift (mv) -5 -33 +5 -9 -1 


Data Recorded: 1/6/ 

NOTES: (1) Mag amp output impedance - 100 signals recorded at J9 

telemetry output. 

(2) Peripheral sensors powered off. 

(3) Specifications: 

© Null <. 90 mv 

© Null drift <. 135 mv over a 3-hour period. 

® Noise .51100 mv p-p for each servo amp and 60 mv p-p 
average for each axis at frequencies <.30 Hz. 


FCC S/N 

0104-1 

STAGE 

S-IB 

S.P. # 

0, 2, 3 
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NULL AND NOISE 


2P 3P 


9 11 

11 10 


+45 +7 
+12 +14 
-33 +7 


Spare Inverter 
C.A.T. @70 Seconds 


MEASUREMENT 


30 min . Noise (mv p-p) 
210 min . Noise (mv p-p) 

o 

30 min. Null (mv) 

210 min. Null (mv) 

3 hr. Drift (mv) 


min. 
min. ! 


30 min. Null (mv) 
210 min. Null (mv) 
3 hr. Drift (mv) 


30 min. Noise (mv p-p) 
210 min. Noise (mv 
3 

30 min. Null (mv) 

210 min. Null (mv) 

3 hr. Drift (mv) 


NOTES: (1) Mag amp output impedance = 

(2) Peripheral sensors powered 

(3) Specifications: 



SERVO AMP 


4P 1Y 2Y 3Y 4Y 


12 17 12 10 20 

12 17 14 12 20 


+24 +13 +20 +29 +56 
+12 -5 -6 +24 -24 
-12 -18 -26 -5 -80 



wm 


+6 

+24 

+11 

+18 

+24 

+49 

+14 

+12 

-6 

-7 

+19 

-29 

+8 

-12 

-17 

-25 

-5 

-78 

10 

12 

15 

12 

10 

18 

10 

12 

17 

13 

12 

20 

+6 

+24 

+10 

+18 

+22 

+45 

+13 

+12 

-8 

-7 

+16 

-33 

+7 

-12 

-18 

-25 

-6 

-78 


Data Recorded: 1/6/75 
100 SI; Signals recorded at J9 
telemetry output. 

off. 


© Null <. 90 mv 

© Null driftA 135 mv over a 3-hour period. 

© Noise .<100 mv p-p for each servo amp and 60 mv p-p 
average for each axis at frequencies <.30 Hz. 


FCC S/N 

0104-1 

STAGE 

S-IB 

S.P. # 

0, 2, 3 
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CROSS COUPLING 


FREQUENCY (Hz) 


SERVO AMP OUTPUT (mv p-p) ! 

Driven: IP 

1Y 

2Y 

3Y 

4Y 

- 

0 

0 

0 

0 

2450 

2 

0 

1 

4 

2500 

5 

2 

3 

6 

2550 

6 

2 

3 

9 

2430 

13 

5 

n 

17 

2500 

20 

12 

wM 

28 

2500 

30 

14 

SB 

45 

1270 

31 

24 

7 

43 

800 

35 

33 

17 

61 

930 

48 

34 

24 

52 

960 

54 

27 

30 

36 


umm 





mp| 




1 wgi 


ppillylB 





5 

6 
7 

10 

15 

20 

30 

40 

50 

60 


Data Recorded: 12/6/74 


NOTES: (1) Mag amp output impedance = 100ft. 

(2) Cross coupled signal does not include noise. 

(3) Maximum input signal: 

a y = 1 0 v, = 12 v, or $ = 45 v. 

e Or when Ai = 12 ma or g =7.5 deg . 

Engine 

(4) Guideline: 

® Cross coupling .1125 mvp-p at mag amp. 


FCC S/N 0104-1 

STAGE S-IB 

CHAN & Pitch 

S.P.# 0 
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CROSS COUPLING 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mvp-p) 

Driven: 1Y 

IP 

2P 

3P 

4P 


0.05, 0.1, 0.6^1 








0.8, 0.9, 1.0, 


- 

0 

0 

0 

0 

4 

1. 1, 1. 2, 1. 3, 

[ 







1. 4, 1. 5, 1. 6, 








[l.7, 3 , 







5 

2500 

2 

0 

0 

2 

6 

2430 

5 

0 

0 

3 

7 

2400 

5 

2 

2 

5 

10 

2450 

9 

2 

5 

9 

15 

2400 

19 

3 

7 

16 

20 

2480 

25 

5 

10 

20 

30 

1060 

27 

5 

9 

22 

40 

788 

34 

3 

12 

28 

50 

904 

33 

1 

12 

28 

60 

920 

23 

5 

7 

23 


Data Recorded: 12/6/74 


NOTES: (1) Mag amp output impedance = 100Q» 

(2) Cross coupled signal does not include noise. 

(3) Maximum input signal: 

e y = 1 0 v, ip = 12 v, or 4> = 45 v. 

• Or when Ai = 12 ma or 3 =7.5 deg . 

Engine 


(4) Guideline: 


• Cross coupling <.125 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

Yaw 

S.P.# 

0 _ 
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CROSS COUPLING 


FREQUENCY (Hz) 


^0.05, 

0.1, 

0.6? 

0.8, 

0.9, 

1, 

1.1, 

1.2, 

1.3, 

1.4, 

1.5, 

1.6, 

1.7, 

2, 

2.7,) 

3, 

5, 

7, 

10, 

15, 

20, 

30, 

40, 

50, 

^60 


/ 


SERVO AMP OUTPUT (mv p-p) 


Driven: IP 


1Y 


2Y 


3Y 


0 


4Y 


Date Recorded: 12/6/74 


NOTES: (1) Mag amp output impedance = 100Q. 

(2) Cross coupled signal does not include noise. 

(3) Maximum input signal: 

© y = 1 0 v, ip - 12 v-, or = 45 v. 

© Or when Ai = 12 ma or $ =7.5 deg . 

Engine 


(4) Guideline: 

® Cross coupling <.125 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

1 Pitch 

S.P.# 

0 
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CROSS COUPLING 



Date Recorded: 12/6/74 


NOTES: (1) Mag amp output impedance = 100ft. 

(2) Cross coupled signal does not include noise. 
(2) Maximum input signal; 

• y = 1 0 v, = 12 v, or 4> = 45 v. 

• Or whenAi = 12 ma or 6 =7,5 deg. 

Engine 

(4) Guideline: 


a Cross coupling £.125 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

Yaw 

S.P.# 

0 
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CROSS COUPLING 


C.A.T. @ 70 Seconds 



NOTES: (1) Mag amp output impedance = 1 00^« 

(2) Cross coupled signal does not include noise. 

(3) Maximum input signal: 

© y = 1 0 v, ip = 12 v, or <f> = 45 v. 

© Or whenAi = 12 ma or 0 =7.5 deg. 

Engine 

(4) Guideline: 

© Cross coupling <.125 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

y Pitch 

s.pr# 

6 


2-15 














CROSS COUPLING 


C.A.T . @ 70 Seconds 


FREQUENCY (Hz) 


Driven: 1Y 


SERVO AMP OUTPUT (mv p-p) 


IP 


2P 


3P 


4 P 


r 0.01, 

0.06, 

0.1, > 

0.6, 

0.8, 

0.9, 

1, 

1.1, 

1 .2, 

1.3, 

1.4, 

1.5,1 

1.6, 

1.7, 

3, f 

6, 

8, 

10, 

15, 

20, 

30, 

1,40, 

50, 

60 j 


Date Recorded: 12/6/74 


NOTES: (I) Mag amp output impedance = 100&. 

(2) Cross coupled signal does not include noise. 

(3) Maximum input signal; 

• y = 1 0 'f' = 12 v, pr J = 45 v. 

© Or when A i = 12 roa or f =7.5 deg. 

Engine 


(4) Guideline: 

© Cross coupling E125 mvp-p at mag amp. 


TCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

Y Yaw 

S.P.# 

0 


2-16 










COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

IP 

2P 

3P 

4P 

0.05 

6 

1 

2 

5 

0.1 

7 

2 

2 

6 

0.6 

22 

7 

11 

21 

0.8 

29 

9 

12 

28 

0.9 

35 

11 

15 

32 

1 

38 

11 

16 

33 

1.1 

40 

12 

17 

36 

1.2 

45 

10 

18 

38 

1.3 

46 

11 

20 

42 

1.4 

54 

11 

22 

46 

1.5 

55 

12 

22 

48 

1.6 

56 

13 

23 

52 

1.7 

62 

14 

24 

54 

3 

108 

19 

38 

91 

5 

173 

33 

66 

150 

6.5 

218 

40 

84 

188 

7 

230 

42 

88 

200 

10 

320 

62 

120 

260 

15 

468 

94 

170 

380 

20 

610 

133 

198 

455 

30 

790 

200 

248 

550 

40 

880 

183 

320 

650 

50 

870 

166 

340 

660 

60 

860 

152 

340 

640 


Data Recorded: 12/10/74 


NOTES: 


(1) Mag amp output impedance = 100 £2, 

(2) Common mode signal does not include noise. 

(3) Input signal = 5 v peak. 

(4) Guideline; 


® Common mode <^380 rnvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

$ Pitch 

S.P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

1Y 

2 Y 

3Y 

4Y 

0.05 

6 

1 

3 

6 

0.1 

6 

3 

3 

7 

0.6 

27 

10 

11 

26 

0.8 

36 

13 

13 

34 

0.9 

38 

14 

15 

37 

1 

40 

16 

16 

42 

1.1 

50 

20 

17 

48 

1.2 

53 

21 

19 

50 

1.3 

58 

22 

20 

54 

1.4 

62 

24 

21 

60 

1.5 

66 

26 

23 

62 

1.6 

72 

28 

24 

67 

1.7 

72 

29 

26 

71 

3 

129 

54 

47 

120 

5 

205 

87 

76 

194 

6.5 

264 

113 

95 

250 

7 

280 

120 

103 

262 

10 

365 

155 

143 

360 

15 

520 

220 

198 

490 

20 

650 

280 

233 

600 

30 

820 

362 

283 

730 

40 

860 

370 

319 

800 

50 

860 

362 

325 

800 

60 

820 

342 

320 

790 


Data Recorded: 12/10/74 


NOTES: 


(1) Mag amp output impedance = 100 Q. 

(2) Common mode signal does not include noise. 

(3) Input signal = 5v peak. 

(4) Guideline: 


® Common mode < 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

^ Yaw 

S.P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

IP 

2P 

3P 

4P 

0.05 

0 • 

0 

0 

0 

0. 1 

0 

0 

0 

1 

0.6 

1 

0 

1 

3 

1 

2 

1 

3 

4 

3 

2 

3 

4 

9 

5 

4 

3 

7 

13 

6 

5 

4 

8 

14 

. 7 

6 

5 

8 

15 

9 

9 

6 

11 

20 

10 

11 

7 

12 

22 

15 

19 

15 

20 

30 

20 

30 

23 

31 

46 

30 

48 


34 

41 

40 

39 

29 

22 

23 

50 

38 

25 

11 

19 

60 

34 

23 

1 

20 


Data Recorded: 12/10/74 


NOTES: 


(1) Mag amp output impedance = 100 ft. 

(2) Common mode signal does not include noise. 

(3) Input signal - 5 v peak. 

(4) Guideline: 

e Common mode 5 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN ‘ 

Roll 

S.P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

1Y 

2Y 

3Y 

4Y 

0.05 


0 

0 

0 

,0.1 

0 

0 

0 

0 

0.6 

3 

0 

0 

2 

1 

4 

1 

0 

4 

3 

10 

2 

0 

8 

5 

13 

2 

0 

10 

6 

16 

2 

1 

12 

7 

19 

3 

1 

14 

9 

22 

4 

2 

16 

10 

23 

5 

2 

17 

15 

27 

9 

3 

18 

20 

30 

10 

4 

18 

30 

32 

14 

4 

20 

4o 

44 

20 

7 

30 

50 

48 

21 

8 

33 

60 

51 

14 

8 

' 36 


Data Recorded: 12/10/74 


NOTES: 


(1) Mag amp output impedance = 100 8. 

( 2 ) Common mode signal does not include noise. 

(3) Input signal - 5 v peak. 

(4) Guideline: 


• Common mode £ 380 xnvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

4f Roll 

S.P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

IP 

2P 

3P 

4P 

0.05 

1 

0 

0 

0 

0.1 

2 

1 

0 

1 

0.6 

5 

2 

3 

4 

0.8 

7 

3 

4 

5 

0.9 

7 

3 

4 

7 

1 

7 

3 

4 

7 

1.1 

8 

3 

4 

7 

1.2 

8 

3 

4 

8 

1.3 

11 

4 

4 

8 

1.4 

11 

5 

5 

9 

1.5 

11 

5 

5 

9 

1.6 

12 

5 

5 

10 

1.7 

12 

6 

5 

10 

2 

13 

6. 

5 

11 

2.7 

17" 

6 

7 

13 

3 

15 

4 

9 

16 

5 

26 

6 

11 

20 

7 

36 

7 

12 

24 

10 

48 

8 

14 

27 

15 

62 

9 

15 

31 

20 

86 

16 

18 

44 

30 

125 

26 

38 

66 

40 

155 

24 

64 

100 

50 

185 

22 

78 

123 

60 

205 

25 

90 

140 


NOTES: 


Data Recorded: 12/10/74 

(1) Mag amp output impedance = 100 O. 

(2) Common mode signal does not include noise. 

(3) Input signal = 5 v peak. 

(4) Guideline: 


• Common mode < 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 1 

<P Pitch 

S.P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

1Y 

2 Y 

3Y 

' 4Y 

0.05 

0 . 

0 

0 

0 

0.1 

2 

1 

0 

2 

0.6 

6 

3 

1 

6 

0.8 

7 

4 

1 

7 

0.9 

8 

5 

2 

7 

1 

9 

5 

2 

8 

1.1 

9 

5 

2 

9 

1.2 

9 

5 

3 

10 

1.3 

10 

5 

4 

11 

1.4 

10 

5 

4 

12 

1.5 

11 

5 

4 

13 

1.6 

12 

5 

5 

14 

1.7 

12 

5 

6 

15 

2 

13 

5 

7 

18 

2.7 

22 

13 

7 

19 

3 

25 

14 

4 

16 

5 

33 

19 

5 

32 

7 

51 

28 

7 

41 

10 

60 

32 

7 

52 

15 

78 

46 

7 

66 

20 

108 

60 

7 

72 

30 

123 

71 

29 

113 

40 

145 

72 

41 

163 

50 

165 

79 

48 

188 

60 

165 

77 

51 

185 


NOTES: 


Data Recorded: 12/10/74 

(1) Mag amp output impedance = 100 fl. 

(2) Common mode signal does not include noise. 

(3) Input signal = 5 v peak. 

(4) Guideline: 


* Common mode < 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

4 Yaw 

S. P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

IP 

2P 

3P 

4P 

0.05 

0 

0 

0 

0 

0.1 

1 

0 

0 

1 

0.6 

2 

1 

2 

2 

1 

4 

1 

3 

3 1 

3 

4 

3 

5 

6 

3.6 

6 

3 

6 

8 

5 

7 

6 

6 

10 

7 

10 

8 

10 

13 

10 

18 

12 

12 

15 

15 

28 

18 

17 

20 

20 

42 

23 

27 

28 

30 

58 

39 

38 

34 

40 

48 

32 

28 

26 

50 

48 

26 

19 

16 

60 

50 

23 

11 

2 


Data Recorded: 12/10/74 


NOTES: 


(1) Mag amp output impedance = 100 £2. 

(2) Common mode signal does not include noise. 

(3) Input signal - 5 v peak. 

(4) Guideline: 


0 Common mode - 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

4 Roll 

S.P. # 

0 
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COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

1Y 

2Y 

3Y 

4Y 

0.05 

0 

0 

0 

.. Ji 

0.1 

1 

0 

0 

A:; 

0.6 

1 

1 

1 

1 

1 

3 

1 

1 

1 

3 

5 

2 

3 

2 

3.6 

5 

2 

3 

3 

5 

7 

3 

4 

3 

7 


4 

5 

'4 

10 

12 

6 

8 

5 

15 

13 

9 

14 

4 

20 

17 

10 

18 

4 

30 

13 

22 

22 

6 

40 

12 

33 

24 

4 

50 

11 

37 

26 

8 

60 

6 

38 

30 

12 

Data Recorc 

ed: 12/10/74 


NOTES: 


(1) Mag amp output impedance = 100 fl. 

(2) Common mode signal does not include noise. 

(3) Input signal - 5 v peak. 

(4) Guideline: 


• Common mode - 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

<t> Roll 

S.P. # 

■0 


2-24 













COMMON MODE 


C.A.T. @ 70 Seconds 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

IP 

2P 

3P 

4P 

0.01 

10 

10 

10 

7 

0.06 

26 

28 

28 

19 

0.1 

27 

30 

29 

22 

0.6 

24 

28 

30 

28 

0.8 

24 

25 

31 

30 

0.9 

24 

24 

32 

32 

1 

23 

22 

32 

33 

1.1 

23 

2 i 

. 32 

35 

1.2 

24 

20 

35 

37 

1.3 

25 

19 

35 

38 

1.4 

27 

18 

35 

41 

1.5 

28 

16 

38 

44 

1.6 

29 

15 

37 

44 

1.7 

30 

15 

37 

46 

3 

72 

8 

47 

67 

6 

150 

16' 

68 

113 

8 

195 

24 

87 

143 

10 

235 

30 

100 

165 

15 

300 

41 

125 

203 

20 

355 

60 

138 

230 

30 

405 

83 

135 

230 

40 

385 

69 

148 

225 

50 

345 

55 

140 

205 

60 

280 

42 

113 

178 


Data Recorded: 12/1 


NOTES: 


(1) Mag amp output impedance = 100 £3. 

(2) Common mode signal does not include noise. 

(3) Input signal = 5 v peak. 

(4) Guideline: 


® Common mode < 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB 

CHAN 

y Pitch 

S.P. # 

0 










COMMON MODE 


C. A. T. @ 70 Seconds 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv p-p) 

1Y 

2 Y 

3Y 

4 Y 

0.01 

1 

1 

1 

2 

0.06 

2 

3 

3 

5 

0.1 

4 

3 

4 

7 

0.6 

18 

9 

9 

19 

0.8 

23 

10 

9 

24 

0.9 

24 

11 

12 

I 26 

1 

27 

14 

12 

27 

1.1 

42 

16 

13 

34 

1.2 

45 

17 

14 

36 

1.3 

48 

19 

17 

38 

1.4 

51 

20 

17 

41 

1.5 

54 

22 

19 

46 

1.6 

57 

22 

20 

48 

1.7 

62 

24 

22 

51 

3 

100 

42 

37 

95 

6 

185 

80 

73 

178 

8 

250 

108 

93 

- 235 

10 

293 

128 

118 

2 80 

15 

380 

160 

150 

355 

20 

453 

195 

170 

415 

30 

548 

240 

193 

480 

40 

548 

232 

205 

500 

50 

508 

215 

195 

476 

60 ' 

440 

180 

168 

380 


Data Recorded: 12/11/74 


NOTES: 


(1) Mag amp output impedance = 100 ft. 

(2) Common mode signal does not include noise. 

(3) Input signal = 5 v peak. 

(4) Guideline: 


8 Common mode < 380 mvp-p at mag amp. 


FCC S/N 

0104-1 

STAGE 

S-IB | 

CHAN 

y Yaw 

S.P. # 

0 
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MOTES: (1) Polttri*y of the Servo Amp output lor a positive input to the FCC; 

_nput and output are referenced at first pm minus (low pin low); 

-) actuator retracts, - actuaLor extends. 


(2) SPLIT refers to "switch point utilization" test data; L/M refers 
to "linearity and mixing" test data. 
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STATIC GAINS (SIM LABI 
VEHICLE. AS-210 FCC S/N 1_04I. ... 


S-IB STAGE 


AXIS 

OUTPUT 

WINDING 

SP 

P-Y 

IP 

0 

P-Y 

1Y 

0 

P-Y 

3P 

0 

P-Y 

4Y 

0 

P-Y 

2P 

2 

P-Y 

3Y 

2 

P-Y 

4P 

3 

P-Y 

2Y 

3 

ROLL 

2P 

0 

ROLL 

iY 

0 

ROLL 

4P 

0 

.ROLL 

3Y 

0 

ROLL 

IP 

2 

ROLL 

2Y 

2 

ROLL 

3P 

2 

ROLL 

4Y 

2 





AXIS ' 

OUTPUT 

SP 


WINDING 


P-Y 

2P 

0 

P-Y 

2Y 

0 

P-Y 

4P 

0 

P-Y 

3Y 

0 


AO GAIN (DEG/DEG) 


THEOR. 

ACTUAL 

PE RCENT 
DEV. 

1.8493 

1- 8623 

0.7069 

1.8493 

1.8627 

0.7272 

I. 8493 

1.8614 

0.A596 

1.8493 

1.8611 

0.6393 

1.0997 

1.1044 

0.4351 

1.0997, 

1.1031 

0 .3X7.6.. _ 

0.5498 

0.5508 

0.1903 

0.5498 

0.5501 

0.0640 

0.2122 

0.2140 

0.8.5.75 

0.2122 

0.2140 

0.8793 

0.2122 

C. 2142 

0.9737 

0. .2.122.. 

0.2138 

0.19X3 

C. 1700 

0.1713 

0.7825 

0.17C0 

0.1711 

0.6659 

0.17C0 

0.1713 

0.78J6 . __ 

0. 1700 

0.1714 

0.8822 
o . 


G2 GAIN 

(DEG/M/SEC 2 ). 

THEOR. 

ACTUAL 

PERCENT 



DEV. 

3.9655 

4.0586 

2.3493 

3.9655 

4.0540 

2.2337 

3.9655 

4. 0636 

2.4754 

3.9655 

4.0604 

2.3955 


A1 GAIN (DEG/ DEG/SECj 


THEOR. 

ACTUAL 

PERCENT 



DEV. 

1.6497 

1.6564 

0.4107 

1.6497 

1.6612 

0.7028 

X..6497 

.1.6561 

.. 0.3933 

1.6497 

1.6613 

0 ,.7037 

1..2992 

1.3049 

0.440 3 

1.2992 

1.3079 

0 ,.6i5_7_ 

0.6005 

0.6056 

0.8639 

0.6005 

0.6048 

0.7301 

0.1980 

0. 1991 

9. 5575 

0.1980 

0.1992 

0.6433 

Q.,1980 

0. 1993 

0.6716 

J3l. 199.0. 

0,1972 

,rQ. 394.0 

0.1202 

0.1211 

0.7910 

0.1202 

0.1209 

0.6579 

Q..1202 . 

0.1210 

0.740X 

0.1202 

0.1212 

0.8649 


AT GAIN (DEG/DEG/SEC) 


THEOR. 

ACTUAL 

PERCENT 

DEV. 

1.6497 

1.6569 

0.4392 

1.6497 

1.6562 

0.3990 

1.6497 

1.6623 

0.7640 

1.6497 

1.6596 

0.6040 


NOTES : 


(1) allowable static gain deviation is ±4% 

(2) roll gain equals channel hardware gain 
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S-IB fCC VERIFY 7=0.000 SECPITCH U/O SLOSH WTH CSP 


r 

o.o 


AO 

G.10493OE 

01 

A1 

0.16A9TOF 

Ol 

cz 

0.0 • 

Cl 

o.o 


cz 

Qi 75651 OE 

00 

K3 

0.12*1 ?20 E 

02 

M 

Q.603590E 01 

O 

O.t'iOOOOE 

01 

P 7 

o.o 


K0 

0. 23771 OE 

02 

FLCG 

9 . J 636 30 £ 02 

FM 

0.50 7760E 

a© 

FHOJ 

0.76AZ90E 

OQ 

SIG 

O.33940OE 

04 

THE 

Q.45S030E 04 

fa 

o.iooooac 

10 

ZETA 

O.IOOOQOE 

Ol 

, FRCT 

O.gOOOJOE 

02 

ZHO y 

9.7309O9E 0‘J 


fiP O. 5S47&1E 07 

POLYNOMIAL COEFFICIENTS 

phi f numerator 

o.tacme oi o.o o.o o.o o.a o.o o.o 

o.o o ,o o.o o.o 0,0 o . n 0.0 

Phi F DENOMINATOR 

o.iooooe at o itoooeooq.o o.o o.o o.o o.o 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PHI OF NUMERATOR 

O.IOOOOE 01 0.68438E-02 0.34882E-02-0.4OS54E-0S 0.0 0.0 0.0 

o.o o.o o.o o.a o.o o.o 0.0 

phi Of dencmjnator 

O.IOOOOE OJ 0.2464' E 00 0.28859E-D1 0.1713EE-02 0.19468E-OS 0.0 0.0 

o.o o.o o.o o.o o.a o.o o o 

CCDF NU«SRATCR 

O.IOOOOE 01 0.0 0.0 0.0 0.0 0.0 0.0 

a, a o.o o.o o.o o.o o.o o.o 

GOOF £>CNC«INATCR 

O.IOOOOE 01 O 30998E 01 0.49880E 00 0.0 0.0 0.0 0.0 

o.o ti.o o.o a.o o.o a. a o.o 

WsSISSl NUMERATOR 

O.IOOOOE 01 0.0 0.0 0.0 0.0 0.0 0.0 

0 O 0.0 0.0 0.0 0.0 0.0 0.0 

NSS(SS) DENOMINATOR 

O.IOOOOE 01 0.63000E-0I 0.12323E-O2 0.26847E-04 0.I6694E-0S 0.57735E-09 0.92928C-12 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

US9IAS1 NUMERATOR 

o.iooooe ot o.o o.o o.a o.o o.a o.a 

o.o o.o o.o o.o o.o o.a o.o 

K5S(AS> DENOMINATOR 

O.IOOOJE >11 0 C~308 1E-ai 0.I2323E-02 O.26847E-04 0.166946-06 0.57735E-G9 0.92928E-12 

o.o o.a o.o a.o o.o o.a o.o 


FCC S/N Di04'l 

STAGE S-IB ORIGINAL PAGE IS 

CHAN 4P 3 ZY OF POOR QUALITY 

AXIS ptTCU, Y/OY 
S.P.# 0 



NYQUIST FREQUENCY RESPONSE 
SA-210, S-IB STAGE, PITCH AXIS DATA 
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A$-2 i6 B -|B FCC VOlirt 


t = o,aoo secpitch w/o slosh wm csf* 


etNOlNO DATA 


MCOE 

1 

2 

3 

4 

5 

6 

FGW 

1 . laioe 00 

1.C780E IQ 

2. 0040 E no 

2.X520E 00 

2.5059C 10 

3.1GS0E 10 

r« 

0.84 7€£ OS 

6,2091 E 04 

1.2207E 94 

3.Q394E 03 

S.5743E 94 

t .134 7E 05 

Z9 

1 .Q9‘Vl£-92 

1 ,00002-02 

1 .0000 E-02 

1 .0Q0UE-02 

1 .00' VIE- 02 

l .OOOOE-OZ 

yd 

1 .3436E-QI 

-6,492SE-02 

-4.781 7E-02 

-3.9379 E-OZ 

1 .9431 E-01 

-1 1327E-01 

yfb 

6.3484E-Q3 

4 ,0 7*1 4 E- 03 

6.6597E-03 

-3.6244E-03 

1 .8940E-O2 

-3.4545E-02 

YPP 

-1 .4933E-Q2 

-2.0790E-03 

S.3334E-03 

9.5G93E-03 

8 2567E-Q3 

2.3032E-Q2 

YA 

©.aeeoE-02 

-3.7943E-02 

-9.9403E-02 

-1.1067E-01 

8.9332E-03 

-6.3423E-02 

YFTi& 

-1 .4933E-92 

-2.079QE-03 

5.5334E-03 

9.5693E-03 

8.2567E-03 

2.3032E-Q2 

MCOE 

7 

8 

9 

10 

11 

12 

FtW 

3.46TOE no 

4.3439E 00 

5. 0040 E JO 

5.9840E 20 

6.6520E 00 

6.97aOE 10 

ZM 

6.4099E 04 

7, 7074 E 04 

2.7414E 06 

5.S907E 04 

8.9156E 04 

8.9O06E 04 

ZB 

i .noooe-02 

t .OOOOE-Q2 

i .oooae-n 2 

1 .OOOOE-02 

1 .C000E-02 

1 .00Q0E-02 

YO 

5.4102E-OI 

7,361 2E-02 

-3.S359E-01 

-2.2309E-91 

— 7. 3348E-01 

-2.8022E-04 

r^o 

9. 531 IE-02 

-5.0333E-02 

-1 .7506E-01 

“2 .0634E-G2 

-9.6673E-02 

2. 0324E-02 

yrr* 

4.3397E-oe 

3.1240E-O2 

3.3386E-02 

6.*jG7 IE-03 

3.1921E-02 

6.1937E-C13 

YA 

7.419QE-02 

2,0433E-01 

3.2507E-01 

e.oceiE-02 

3. 0470 E-01 

8 2494E-Q1 

yprg 

4.3397E-02 

5. 1240E-02 

5.33S6E-02 

6.0671E-03 

3.1921E-02 

6.1937E-03 

MCOE 

13 

14 

15 

16 

17 

10 

FBH 

7.3639E 1 □ 

0.0 

0.0 

0.0 

0.0 

0.0 

2M 

2 .0523E OS 

0.0 

0.0 

0.0 

0.0 

0.0 

ZB 

1 .0900 E- 02 

0.0 

0.0 

0 0 

0.0 

0.0 

Yfl 

1 .4022E-O2 

0.0 

0.0 

0.0 

0.0 

0.0 

yPB 

-2.390GE-02 

0 0 

0.0 

0.0 

0*11 

0.0 

yPP 

1 .2073E-02 

0.0 

0.0 

0.0 

0.0 

0.0 

YA 

1 . 0122E-O1 

0.0 

G.O 

0.0 

0.0 

0.0 

YPR& 

1 *20 73E-02 

0,0 

0.0 

0.0 

0.0 

0.0 




St-OSHINO data 



WCCE 

2 

z 

3 

4 

5 

6 

FFS 

7.949 7E-01 

7.9497E-01 

6.5364E-01 

4.2398E-01 

6.Q014E-01 

9.9280E-01 

Z3 

3.1 500E-02 

6.0000E-02 

2.0000E-03 

5.000QE-05 

3.QQQ0E-02 

5.Q900E-02 

fm 3 

8.0O00E 02 

1 . 1 45QE 03 

s.esooE 03 

3.4309E 03 

1 .2200E C4 

1.3900E 03 

*3$ 

-2.9236E 00 

-2.2956E 00 

-2.0456E 00 

-1 .7945E 01 

-1 .1722E 01 

-1.1272E 01 


FCC S/N 0io4-I 
STAGE S-IB 
CHAN 4P, 2 Y 
AXIS TircH , X4«/ 
S.P.# o 


T = 0. 0 Sec. P-Y 

VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
S A -210, S-IB STAGE, PITCH AXIS DATA 
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CDV 


100 ’’ ? 70 ° 90 


FCC Si N OiOA'T 
STAGE S-IB 
CHAN 4P 
AXIS PlTCtf 
S*P.# 0 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IB STAGE, PITCH AXIS DATA 


ORIGINAL PAGE IS 

OF POOR QUALITY 


2-132 

1 

















NYQUIST FREQUENCY RESPONSE 
SA-2I0, S-IB STAGE, PITCH AXIS DATA 
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AS-20& S-iO FCC VEHIFy 


Y=BO.on sFcpitch wo slosh mih csf 


T 

u.ooodooe oa 

AO 

0.1849 39E 

01 

Al 

0 I 64 9 70 E 

01 

02 

0.6921 J8E-01 

ct 

-0.773990E 00 

C2 , 

0 . 9 54 461 E 

00 

K3 

0.215080E 

02 

K4 

0 .1 14300E 02 

*5 

0.16769DE-02 

K7 

0 .t 60040E 

02 

K8 

0 . Z29000E 

02 

FLCC 

0.172540E 02 

FH 

0.35ft570E 06 

FMOI> 

0 ♦ T36720E 

08 

szc 

0 .330480E 

04 

THE 

0.45&0V1E 04 

FA 

0.900000E ni 

Zt7A 

o eoooooE 

00 

FRCy 

0.200000E 

02 

ZRCr 

O.TOOOOOE 00 


BP 0.4C)75eOE 07 

polynomial coefficients 


PHlf Nl^tERATOH 


0 , lOOQOE 01 0.0 

0.0 

0 0 

0.0 

0.0 

0.0 

o.n o.o 

0.0 

0.0 

0.0 

0.0 

0.0 

PHI r DENOMINATOR 

O.UIOOOE 01 0.17000E 00 

0.0 

0.0 

0.0 

0 

0.0 

0.0 0.0 

o.o 

0,0 

0.0 

0.0 

0.0 

pwiOP nlmEratcr 

0.10000E 01 0.88438E-02 

O.34682E-02 

-0.40354E-05 

0.0 

o.a 

0.0 

U.O 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

PH IDF DENOMINATOR 

O.IOOOOE 01 0 • 24 64 0 E 00 

O.28059E-O1 

0 . 1 71 32E-02 

0.19468E-05 

o.a 

0.0 

0.0 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

&ODF NUHERA TOR 

a.umooe oi o.o 

0.0 

0.0 

o.a 

o.a 

0.0 

o.a o.o 

0.0 

0.0 

0.0 

o.o 

0 0 

ODDF DENOMINATOR 

O.IOOOOC ox 0 51014E 01 

0.3Q664E OO 

0.0 

0 0 

0.0 

0,0 

0.0 o.o 

0.0 

0.0 

0.0 

0.0 

0.0 

wss(0s> numerator 
o.iooooe OX 0.0 

0.0 

0.0 

o.a 

0.0 

0.0 

0.0 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

WSS<BS> DENOMINATOR 
0.1 0000 E 01 0.63080E-01 

0.12323E-02 

0.26$47E-04 

0.16694E-06 

0 57735E-09 

0.92928E-12 

0 0 DO 

o.a 

0 0 

0,0 

0.0 

0.0 

W3S (A SI NUKERA TOR 

n.iQOOOE oi o.a 

o.a 

0.0 

0.0 

0.0 

0.0 

on o .a 

0.0 

0.0 

0.0 

0.0 

o.a 

WSSCA31 DENOMINATOR 
O.IOOOOE 01 0.63080E-01 

0.12323E-02 

0.26847E-04 

0.16694E-06 

0.57735E-09 

0.92928E-12 

0.0 D.O 

0.0 

0.0 

0.0 

o.a 

0.0 


FCC S/N 0104-1 
STAGE S-IB 
CHAN IK iY. 
AXIS TiTCti, YAW 
S.P.# 0 


T = 80 Sec. P-y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IB STAGE, PITCH AXIS DATA 
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l 





A.-SO. *-I» tec VtRirT 


t»eo.oo tt cri TCrt w/O wm csa 


CCNOIW DATA 


MO oz 

i 


2 

» 

4 

5 


6 

row 

1 .3240E 

00 

2.3270E 00 

2. 6230 E 00 

3.Z560E 00 

4.2970E 00 

4.9250E 10 

IN 

4 . 4 S 40 C 

03 

2,7d04C 03 

2.6B20E 04 

4.2930E L4 

2.4519E 04 

3.98JSE 0« 

ZB 

l .OOGOE-02 

l .OOOOE-02 

1 .OOOOE-02 

1 .OOOOE-02 

t .OOOOE-02 

1 OOOOE-OZ 

VB 

l,2fl 72E- 

•02 

-3.931 7E-02 

6.1312E-02 

3.5151E-02 

3.2276E-01 

5.31 59E-OJ 


3 . 4 471 E- 

-03 

-i .eoe iE-03 

-3.Z129E-Q3 

-2 . 669 BE- 02 

5.8733E-02 

6 .8198E-02 

YfF 

-1 .2490E- 

•02 

1 .4793E-02 

6.5995E-03 

8.3091E-OS 

3.4823E-03 

1 .rsaoE-oz 

YA 

1 .1 302E- 

-02 

-1 .0043E-01 

-2.2581E-02 

-9.5487E-03 

3.2116E-02 

1 .2045E-01 

Yl *«9 

-1 .2490E-0Z 

* .4Z9JE-02 

6.5995E-03 

8.JQ91E-03 

3.4823E-03 

1 .7880E-02 

MODE 

r 


8 

9 

10 

11 


12 

r«H 

3.5490E 

10 

B.5320E 00 

0.0 

0.0 

0.0 


0.0 

ZM 

4 .0251 E 

04 

3.1950E 04 

0.0 

0.0 

0.0 


0.0 

ZB 

1 .OQOOE-02 

1 .0000E-O2 

0.0 

a.o 

0.0 


0.0 

YB 

-t,5302E 

-01 

-1 .0455E-02 

0.0 

o.a 

0.0 


0.0 

YFB 

-9.6383C 

-02 

-6.4300E-02 

D.D 

o.a 

0.0 


0.0 

YFF 

2.3758E- 

-03 

2.6019E-02 

0.0 

o.o 

0.0 


0.0 

YA 

9 .ZH 03 E 

-03 

4.7220E-01 

0.0 

0.0 

0.0 


O . Q ' 

YPPU 

2 . 3736E 

-03 

Z, 60 : 9 £-C )2 

0.0 

0.0 

0.0 


0.0 

NODE 



14 

15 

16 

17 


* 

18 

FBN 

0 .o 


0.0 

0.0 

0.0 

0.0 


0.0 

z* 

0.0 


0.0 

0.0 

0.9 

a.o 


0.0 

2B 

0.0 


0.0 

0.0 

0.0 

0.0 


0.0 

Yfl 

0.0 


0.0 

0.0 

0.0 

0 g 


0.0 


0.0 


0.0 

0 0 

0.0 

0 a 


0.0 

YFF 

0.0 


0.0 

0.0 

0.0 

0.0 


0.0 

YA 

0 0 


0.0 

0 0 

0.0 

0.0 


0.0 

YF*G 

0.0 


0.0 

0.0 

0.0 

0.0 


0.0 




* 

sloshing da'ta 




HCOE 

1 


s 

3 

4 

3 


6 

FI'S 

1 .OSOOE 

00 

1 .0600E 00 

8.7153E-01 

5.6532E-01 

9.0686E-01 

1 3662E 00 

Z 9 

1 .2300E 

-02 

1 .250DE-DZ 

6 .D 000 E-U 2 

5.0000E-O5 

S.DOOOE-OE 

5 .GOODE -02 

FMS 

e.ooooE 

02 

1 .14S0E 03 

3 6300E 03 

3.430DE 03 

1 , 22 QOE 04 

l.JOODE 03 

Xfi 5 

7.B46BC 

00 

7.7746E 00 

4.0 74 6E 00 

-1 .7074E: 01 

-1 .P651E a 

l 

- 1 . 0401 E 01 

FCC S/N QiOA-1 








T = 80 Sec. P-Y 

STAGE S-IB 








VEHICLE PARAMETERS 

CHAN IP* i* 









AXIS "Preen > y** 









S.P.# o 










NYQUIST FREQUENCY RESPONSE 
SA -210, S-IB STAGE, PITCH AXIS DATA 
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NYQUIST FREQUENCY RESPONSE 
£>A-210, S -IB STAGE, PITCH; AXIS DATA 






AJ-«fj6 S~!B fCC Vt+lFy jsj?!.- SECFI TCH U/O $lO$H WTH CS* 


T 

'■» . i t’j-vne 

03 

AO 

0.1 0991*16 

01 

At 

o lesjzoe 

01 

t*2 

0.0 


Cl 

*0.72630 j£- 

01 

C2 

0.14«65o£ 

01 

*3 

0.33S3I0E 

02 

M 

9.169 620E 

02 


0. 7 j 59 - 

■03 

K7 

O.Z*X9*»Z 

01 

KS 

a . i e w we 

02 

FLC9 

0.21559 >C 

02 


O 24119011 

06 

FT'OI 

0.5935ME 

08 

SIC 

0.3304906 

04 

THE 

0,455Q30e 

04 

fa 

0.1000 V5C 

10 

ZETA 

u.ioooo'ie 

01 

fh&t 

0.203091E 

02 

ZR&Y 

O.TOOOQOC 

00 


R* O ,4091 tO£ 07 


REND I HO DATA 


HCOE 

1 

2 

3 

4 

5 

9 

FBH 

1 .33«0E OO 

2.3410E 00 

3.64396 00 

7.5G0OE 00 

7,7iaoe oo 

9.1540E »>0 

Z« 

4.4333E 03 

2. 7631 E 03 

3,30456 03 

2.24416 04 

8.42676 03 

2.2001 6 04 

ZO 

1 .OOOOE-02 

1 .0000 E-02 

l .0O00E-92 

1 .OOOOE-02 

l OOOOE-12 

t • OOOOE-02 

Y0 

9.7277E-02 

-3.3/82E-02 

5,804411-02 

-3.5400C-01 

2.48516-01 

-I .95626-91 

y re 

3.991 3£-03 

*1 .7821E-U3 

2.64086-04 

-l .3497E-01 

5.4029E-O2 

*© 8X646-02 

yfp 

-1 .2153E-02 

1 3180E-02 

2.00516-03 

G.5314E-04 

i .04026-02 

2.237 4E-02 

YA 

9,93G7t*03 

-1 .0339E-01 

1 .91 726-02 

8.1641E-03 

1.6234E-0I 

4.4827E-01 


-1 .2I53E-02 

1 .51806-02 

2.033X6*03 

6.53146*04 

t .04026*02 

2.2374E-02 




$LOS«lN& OATA 



7J00t 

1 

2 

3 

4 

5 

5 

^5 

1 3250E 00 

1 . 3250E 00 

1.08946 00 

7, 06636-01 

1.1336E 00 

1.70 77E 00 

rs 

6 QOOOE-02 

e.ooooE -02 

e.umoE-02 

5.QQQ0E-O5 

3.00006-02^ 

5. 0000E-02 

th* 

8.0909E 02 

1 .14506 03 

3.80006 03 

3.4303E 03 

1.22*1 OE 04 

t.saaoE os 

>os 

1.6302E 01 

1 .66306 Ol 

1.G930E 01 

-1 .2769E 01 -6.MS6G 05 

-6.09566 00 



pclyncmial coefficients 



n<IF 

HUMERA TOR 






O 100906 Ol 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 ~ 

0.0 

0.0 

rnir 

DENCWjNAlCR 






O.tOOOOE 01 0.17200E 

00 0.0 

o.a 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

L.O 

0.0 

1*1 IDF 

NUMe R A TOR 






O.IOOOOE 01 0 80438E-O2 0 .3480 2 £*02-0.40554 E-05 0.0 

0.0 

0.0 

0,0 

0.0 

0 0 

0.0 

0.0 

0.0 

0.0 

FHIOF 

DFNCHJ NA T<* 






0 l*vnnE >11 n.S4giOE 

00 0. 29453 E- 

•01 0.17G40E- 

02 0.20048 E-05 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

GOOF 

NUMERATOR 






o.moooc oi o.o 

0.0 

0.0 

a.o 

0.0 

0.0 

O *1 

o.o 

0 0 

0.0 

0.0 

0.0 

a.o 

GOOF 

OfNOHrNATOR 






0.10 100E 01 0.5O998E 

01 0.4938QE 

00 0.0 

0.0 

0.0 

a.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

WSS (GS) 

Fl^RATCR 






■l.lOOOOC Ol D.O 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

0.0 

0.0 

o.a 

0.0 

WSS {0s> 

DE MOM I HA TOR 






o.i'WTic a i o sj-isoe-oi a.tsizSE-nz a.z68«7E-n* 0 .J 6094 E -06 

0 577356-09 

0.92928E-12 

O O 

O 0 

0.0 

0.0 

o.o 

0.0 

0.0 

U35 <AS> 

wuhera 






n looooe 01 0.0 

0.0 

0.0 

o.o 

0 0 

0.0 

0 1 

0.0 

0.0 

0 0 

o.o 

0.0 

0.0 


V*i i <AS> CCNCWr NA TOR 

9 10 nor »H 0.030d0E-ai n.l2323E-02 0.26047E-D4 0.1 6G94E-06 0.57735E-09 0.92928E-J2 

0.0 0*0 0.0 0.0 0.0 0.0 0.0 



NYQUIST FREQUENCY RESPONSE 
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Section 3 


FCC S/N 0104-1 TEST RESULTS AND ANALYSIS 
S-IVB STAGE 


TABULATION 

Table 3 outlines the results of the tests performed on FCC S/N 0104-1. The 
table serves as a ready guide to the following pertinent areas? 

• Location of the specific test results. 

• Statement as to whether IBM considers the FCC acceptable or unacceptable 
for flight. 

• Reference to the location of further analysis on a given test. 


Test Performed 

Results 
(Page No.) 

Acceptable 

Analysis and Comments 

Servo Amplifier Null and Null 

3-6 

Yes 

All servo amplifier null and null drift values were 

Drift (Power Supply 0 28 vdc) 

D-l 


acceptable. The maximum null was +9.0 mv in the 
B-Y servo amp with the FCC on for 210 minutes. The 
worst case null drift over a 3-hour period was 
+12.0 mv in the B-Y servo amp. 

Servo Amplifier Noise (Power 

3-6 

Yes 

All servo amplifier noise levels were acceptable. 

Supply @28 vdc) 

i>"l 


The maximum noise characteristic was 3.0 mvp-p in 
the B-P, C-P , and B-Y servo amps with FCC power on 


for 30 minutes. 


RESULTS AND ANALYSIS OF FCC S/N 0104-1, S-IVB STAGE 


TABLE 3 




Test Performed 


Results 
(Page No. ) 


Acceptable 


w 

I 

N> 



Analysis and Comments 


Servo amplifier noise did not vary as the input 
power supply voltage was varied from 28 to 32 vdc. 

Cross , coupled signals were within the 5 mvp-p guide- 
line at all test frequencies with attitude error 
inputs; the worst case was 4 mvp-p with a ipy 
input coupling into the C-P servo amp. No cross 
coupled signals were observed with attitude rate 
inputs at SP #3 and #4. 

Prominent common mode signals exceeding the 15 mvp-p 
guideline were present with the following input 
signals; 

• - 18 mvp-p at 20 Hz in the B-P servo amp 

• ^p - 24 mvp-p at 30 Hz in the C-P servo amp 

• t//y - 22 mvp-p at 30 Hz in the B-Y servo amp 

• i/iy - 16 mvp-p at 15 Hz in the C-Y servo amp 

• £p - 19 mvp-p at 30 Hz in the B-P servo amp 

• ^p - 26 mvp-p at 30 Hz in the C-P servo amp 

• ^y - 16 mvp-p at 20 Hz in the B-Y servo amp 

• ^y - 17 mvp-p at 30 Hz in the C-Y servo amp 

This is considered an acceptable condition over 
the 15 to 60 Hz range, since the expected TVC- 
attenuation is greater than 25 db. 

All servo amplifiers summed properly and had linear 
responses for various levels of biased attitude 
error inputs combined with ramped attitude rate 
inputs. 

With a biased level of +15° of attitude error input 
and ramped attitude rate input, the servo amplifiers 
were linear over the ±50 ma range and saturated in 
excess of ±50 ma. 


OF FCC S/N 0104-1, S-IVB STAGE 




Test Performed 

Results 
(Page No. ) 

Acceptable 

Analysis and Comments 

Servo Amplifier Relative 
Polarities 

3-37 

Yes 

Relative channel polarities were found to be 
correct in the S-IVB bum mode as observed from 
the Linearity/Mixing plots and the Switchpoint 
Utilization plots. 

Static Control Gains 

3-38 

Yes 

All Aq and A^ static gain deviations were less than 
the allowable ±2%. Worst case deviations were: 

• A q 1.390% in the C-P servo amp with a ^p 

input at SP #3 , 

• A. 1.650% in the C-P servo amp with a p 

input at SP #3 

Switchpoint Utilization 

' A-l 

Yes 

Proper gain changes were observed at each switch- 
point for every channel in the S-IVB stage. 

Spacecraft Control 

’ B-l 

Yes 

The FCC honored the spacecraft attitude error 
inputs in the S-IVB bum mode, and the correct 
A_ gain changes were made when going from IU to 
S/C control. 

Open-Loop Channel Frequency 
Response (Bode) 

3-39 

Yes 

All S-IVB stage channel frequency responses were 
acceptable with deviations from theoretical values 
accounted for by: 

• Rate gyro frequency response ■ 

• Inadequate calibration of the "signal analyzer" 

• Channel common mode 

Nyquist Frequency Response 

; 3-71 

Yes 

The Nyquist responses were acceptable. Deviations 
from the theoretical values were accounted for by 
component frequency responses. 

Closed-Loop Transient 
Response to a Step Forcing 
Function 

3-82 

* 

* 

Yes 

Hardware runs closely matched the total simulation 
runs. The system responded satisfactorily to a 
2-degree step attitude error input. 


TABLE 3. RESULTS AND ANALYSIS OF FCC S/N 0104-1, S-IVB STAGE 

(Cont'd) ’ ‘ ' 




Test Performed 


Results 
(Page No. ) 


Acceptable 


Analysis and Comments 


RG/CSP Frequency Response 
(Bode) 


Frequency responses for the Sim Lab RG/CSP 
subsystem are included for information purposes 
only. See Appendix E for additional comments. 


TABLE 3. 
(Cont'd) 
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3.2 


RESULTS 


3.2.1 The results of the S-IVD Stage study are presented on the following 

pages. To assist in the interpretation of the results, the following vehicle 
orientation is used. 


Ill Til 

— D 



S-IVB STAGE (AFT) 

ACTUATOR AND APS NOZZLE LAYOUT 


3-5 



NULL AND NOISE 


sw. 



SERVO 

AMP 


PT. 

MEASUREMENT 

B-P 

C-P 

ESI 

om 


30 min. Noise (mv p-p) 

3.0 

3.0 

3.0 

WEJI 

3 

210 min. Noise (mv p-p) 

2.0 



eh 


30 min. Null (mv) 

+7.0 

-1.0 

-3.0 

-0.5 


210 min. Null (mv) 

-2.5 

-4.5 


+3. 0 


3 hr . Drift (mv) 

-9.5 

-3.5 


+3. 5 


30 min. Noise (mv p-p) 

3.0 

3.0 

3.0 

2.5 


210 min. Noise (mv p-p) 

wmm 


eh 

flEEB 


30 min. Null (mv) 


ESI 

-3.0 

n 


210 min. Null (mv) 




BO 


3 hr. Drift (mv) 




mmM 


30 min. Noise (mv p-p) 

3.0 

3.0 

3.0 

2.5 


210 min. Noise (mv p-p) 

2.0 

2.5 

2.5 

2.5 

5 

30 min. Null (mv) 

+7.0 

-1.0 

-3.0 

-1.0 


210 min. Null (mv) 

-2.5 

-4.5 

+9. 0 



3 hr. Drift (mv) 

-9.5 

-3.5 

+12.0 



Data Recorded: 1/6/75 

NOTES: (1) Servo amp output impedance = 20 Q ; signals recorded at comparator 
output. Actuator drive load = 100 ft . 


(2) C channel readings were obtained with comparator voted. 

(3) Peripheral sensors powered off. 

(4) Specifications: 


• Null £ 30 mv 

• Null drift <_ 45 mv over a 3-hour period, 

• Noise <. 5 mv p-p at frequencies £30 Hz. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

S.P. # 

3,4,5 


3-6 



































NULL AND NOISE 


With Simulated Telemetry Load 


sw. 



SERVO 

AMP 


PT. 

MEASUREMENT 

B-P 

C-P 


K29 


30 min. Noise (mv p-p) 

0.5 

0.5 

EDf] 

«n 

3 

210 min. Noise (mv p-p) 

1.0 

1.0 

Wmmm 

mnm 


30 min. Null (mv) 

QHS 

+11.0 


-14.5 


210 min. Null (mv) 

Hipi 

+5.5 

-7.0 

-10.5 


3 hr. Drift (mv) 

EHS 

-5.5 

+12.5 

+4.0 

m 

30 rain. Noise (mv p-p) 

0.5 

0.5 

1.5 

ESI 


210 min. Noise (mv p-p) 

1.0 

1.0 

1.5 

■83 

H 

30 min. Null (mv) 

mm 

+11.0 

-19.5 

-14.5 

m 

210 min. Null (mv) 


+5.5 

-7.0 


■ 

3 hr. Drift (mv) 

ESS 

-5.5 

+ 12.5 



30 min. Noise (mv p-p) 

0.5 

0.5 

1.5 

mm 


210 min. Noise (mv p-p) 

1.0 

1.0 

1.5 

Bil 

5 

30 min. Null (mv) 

IpEE 

+ 11.0 

BH 

-15.0 


210 min. Null (mv) 

R£S 

+5.5 


-10.5 


3 hr. Drift (mv) 


-5.5 

sm 

+4.5 


Data Recorded: 1/6/75 

NOTES; (1 ) Servo amp output impedance = 20 & ; signals recorded at comparator 
output. Actuator drive load = 10011. 


(2) C channel readings were obtained with comparator voted. 

(3) Peripheral sensors powered off. 

(4) Specification s : 

• Null £ 30 mv 

• Null drift <_ 45 mv over a 3-hour period. 

• Noise <. 5 mv p-p at frequencies 5 30 Hz. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

S.P. # 

3,4,5 


3-7 































CROSS COUPLING 


FREQUENCY (Hz) 

SERVO 

AMP OUTPUT Imv v-v) 

Driven: B-P 

B-Y 

Driven: B-P 

C-Y 

fo. 05, 0.1, 

ESDI' 






1, 3, 

7 , 


- 

0 

- 

0 

10, 15 

J 






20 



100 

1 

92 

2 

30 



60 

2 

48 

2 

40 



33 

3 

29 

3 

50 



27 

3 

26 

3 

60 



17 

3 

25 

3 


Data Recorded: 12/6/74 


NOTES: (1) 

(2) 

(3) 

(4) 


Servo amp output impedance = 20 fl ; signals recorded at 
comparator output. 

C channel readings were obtained with comparator voted. 
Cross coupled signal does not include noise. 

Maximum input signal: 


• if) = 12 v or $ = 45 v. 

• Or when i v = 50 ma 

(5) Guideline: 


• With maximum input signal, cross coupling 
^5 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB - 

CHAN 

$ Pitch 

S.P.# 

3 


3-8 











CROSS COUPLING 


FREQUENCY (Hz 

) 

SERVO 

AMP OUTPUT fmv p-p 

llMtt 

Driven: C-P 

B-Y 

Driven: C-P 

E59 







1, 3, 7, 

► 

- 

o 

- 

0 







K 15 


133 

1 

135 

i 

20 


95 

1 

95 

i 

30 


58 

2 

58 

2 

40 


37 

2 

36 

2 

50 


29 

3 

28 

3 

60 


25 

3 

25 

3 








Data Recorded: 12/6/74 


NOTES: (1) 

( 2 ) 

(3) 

(4) 


Servo amp output impedance = 20 12 j signals recorded at 
comparator output. 

C channel readings were obtained with comparator voted. 
Cross coupled signal does not include noise. 

Maximum input signal: 


• if) = 12 v or $ = 45 v. 

• Or when i = 50 raa 

(5) Guideline: 


• With maximum input signal, cross coupling 
^5 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

4 > Pitch 

S.P.# 

3 


3-9 








CROSS COUPLING 


1 

1 

SERVO AMP OUTPUT (mv t>-p) I 

FREQUENCY (Hz) 

Driven: B-Y 

B-P 

Driven: B-Y 

C-P 

fo. 05. 0.1, 0.6,^ 




. 


1 , 3 , 7 , 

l 10 J 

f 


0 


0 

15 


- 

0 

140 

1 

20 


92 

1 

100 

1 

30 


48 

2 

60 

2 

40 


28 

2 

34 

3 

50 


25 

2 

23 

3 

60 


25 

2 

19 

3 


Data Recorded: 12/6/74 


NOTES: (1) 

( 2 ) 

(3) 

(4) 


Servo amp output impedance = 20 SI ; signals recorded at 
comparator output. 

C channel readings were obtained with comparator voted. 
Cross coupled signal does not include noise. 

Maximum input signal: 


• = 12 v or $ = 45 v. 

• Or when i = 50 ma 

(5) Guideline: 


• With maximum'input signal, cross coupling 
^5 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

$ Yaw 

S.P.# 

3 


3-10 













CROSS COUPLING 


FREQUENCY (Hz) 

SERVO 

AMP OUTPUT (mv p-p 


Driven: C-Y 

B-P 

Driven: C-Y 

C-P 






U, 3, 7, > 

- 

0 

- 

0 

[l0, 15 J 


■ 



20 

87 

1 

85 

2 

30 

43 

2 

43 

2 

40 

30 

3 

30 

4 

50 

35 

3 

36 

4 

60 

37 

3 

36 

3 


Data Recorded: 12/6/74 


NOTES: (1) 

( 2 ) 

(3) 

(4) 


Servo amp output impedance = 20 fi ; signals recorded at 
comparator output. 

C channel readings were obtained with comparator voted. 
Cross coupled signal does not include noise. 

Maximum input signal: 


• ^ 12 v or ^ = 45 v. 

• Or when i = 50 ma 

(5) Guideline: 


• With maximum input signal, cross coupling 
mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

* Yaw 

S.P.# 

3 


3-11 













CROSS COUPLING 



Date Recorded; 12/6/74 

NOTES: (1) Servo amp output impedance = 20 ft ; signals recorded at 
comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

• $ = 12 v or $ = 45 v. 

• Or when i = 50 ma 

v 

(5) Guideline: 


• With maximum input signal, cross coupling 
55 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

<f> Pitch 

S.P.# 

3 


3-12 








CROSS COUPLING 



Date Recorded: 12/6/74 


NOTES: (1) Servo amp output impedance = 20 !2 ; signals recorded at 
comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

• i|» = l2 v or $ = 45 v. 

• Or when i y = 50 ma 

(5) Guideline: 


• With maximum input signal, cross coupling 
^5,mvp-p for all frequencies. 



3-13 











CROSS COUPLING 



NOTES: (1) Servo amp output impedance = 20 0 ; signals recorded at 
comparator output, 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

• = 12 v or $ = 45 v. 

• Or when i = 50 ma 

(5) Guideline: 

• With maximum input signal, cross coupling 
^5_mvp-p for all frequencies . 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

4> Yaw 

S.P.# 

3 • 


3-14 











CROSS COUPLING 



NOTES: (1) Servo amp output impedance = 20 ft ; signals recorded at 
comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

• if) = 12 v or $ = 45 v. s 

• Or when i = 50 ma 

(5) Guideline: 

® With maximum input signal, cross coupling 
<5 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

4> Yaw 

S.P.# 

3 


3-15 









CROSS COUPLING 



NOTES: (1) Servo amp output impedance = 20 ; signals recorded at 

comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

• 12 v or $ = 45 v. 

• Or when i v = 50 ma 

(5) Guideline: 

• With maximum input signal, cross coupling 
^5 mvp-p for all frequencies. 



3-16 









CROSS COUPLING 



Date Recorded: 12/6/74 


NOTES: (1) Servo amp output impedance = 20 S2 ; signals recorded at 
comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

» = 12 v or $ = 45 v. 

• Or when i = 50 ma 

(5) Guideline: 

• With maximum input signal, cross coupling 
5;5^mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB. 

CHAN 

Pitch 

S.P.# 

4 


3-17 










CROSS COUPLING 


FREQUENCY (Hz) 


SERVO AMP OUTPUT (mv p-p) 


Driven; B-Y 


B-P Driven; B-Y 


C-P 





1, 

2, 

3, ! 

5, 

6.6, 

8, \ 

10, 

15, 

20, 

30, 
60 • 

40, 

50, 

> 


Date Recorded: 12/6-9/74 


NOTES; (1) 

( 2 ) 

(3) 

(4) 


Servo amp output impedance = 20 J2 ; signals recorded at 
comparator output. 

C channel readings were obtained with comparator voted. 
Cross coupled signal does not include noise.' 

Maximum input signal; 


• ^ = 12 v or $ = 45 v. 
« Or when i v = 50 ma 

(5) Guideline: 


• With maximum input signal, cross coupling 
£5 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

s-rvB 

CHAN 

$ Yaw 

S.P.# 

4 


3-18 










CROSS COUPLING 



Date Recorded: 12/9/74 

NOTES: (1) Servo amp output impedance = 20 ft ; signals recorded at 
comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Cross coupled signal does not include noise. 

(4) Maximum input signal: 

• = 12 v or $ = 45 v. 

• Or when i = 50 ma 

(5) Guideline: 

• With maximum input signal, cross coupling 
£5 mvp-p for all frequencies. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

4> Yaw 

S.P.# 

4 


3-19 













COMMON MODE 


FREQUENCY (Hz) 

SERVO AMP OUTPUT (mv 

p-p) 

B-P 

C-P 

B-Y 

C-Y 

0.05 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0.6 

1 

0 

1 

1 

1 

1 

1 

2 

1 

3 

3 

2 

2 

4 

7 

6 

4 

5 

7 

10 

7 

7 

8 

11 

15 

12 

11 

10 

16 

20 

18 . 

14 

14 

23 

30 

27 

24 

22 

35 

40 

35 

35 

28 

44 

50 

37 

37 

27 

46 

60 

32 

30 

24 

42 


Data Recorded: 11/27/74 


NOTES: (1) 

( 2 ) 

(3) 

(4) 

(5) 


Servo amp output impedance = 20 £2 ; signals recorded 
at comparator output. 

C channel readings were obtained with comparator voted. 
Common mode signal does not include noise. 

Input signal = 5v peak. 

Guideline: 


• Common mode ^15 mvp-p at servo amp. 


FCC S/N 

0104-1 

stage 

S-IVB 

CHAN 

>/' Pitch-Yaw 

S.P.# 

3 


3-20 











COMMON MODE 



11/27/74 (C-P, C-Y) 


NOTES: (1) Servo amp output impedance = 20 ft ; signals recorded 
at comparator output. 

(2) C channel readings were obtained with comparator voted. 

(3) Common mode signal does not include noise. 

(4) Input signal = 5 v peak. 

(5) Guideline: 

• Common mode J^.15 mvp-p at servo amp. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

Pitch -Yaw 

S.P.# 

3 


3-21 









COMMON MODE 


FREQUENCY (Hz) 

I SERVO AMP OUTPUT (mv 

P~p) 

B-P 

C-P 

B-Y 

C-Y 

0.05 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0.6 

1 

0 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

2 

2 

3 

2 

2 

3 

2 

5 

2 

3 

4 

3 

6.6 

3 

4 

5 

3 

8 

4 . 

5 

6 

4 

10 

5 

5 

8 

5 

15 

8 

9 

12 

7 

20 

11 

15 

16 

11 

30 

19 

26 

26 

17 

40 

24 

38 

34 

23 

50 

28 

43 

35 

25 

60 

26 

38 

33 

23 


NOTES: (1) 

( 2 ) 

(3) 

(4) 

(5) 


Data Recorded: 11/26/74 (B-P, B-Y, 

C-P) 

11/27/74 (C-Y) 

Servo amp output: impedance = 20 S2 ; signals recorded 
at comparator output. 

C channel readings were obtained with comparator voted. 
Common mode signal does not include noise. 

Input signal = 5 v peak. 

Guideline: 


• Common mode j£15 mvp~p at servo amp. 


FCC S/N 

0104-1 

STAGE 

S-IVB 

CHAN 

Pitch -Yaw 

S.P.# 

4 


3-22 
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liKiKiiiMNMMniaMBflaaflaaauaii ibbbibbihhhbbbb|bb|B|| 
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BlHlBBBF^^BIBBBBBBaBBBBBIBflBP^rBBBflBIBBflBflflRnMBIB^IBflBBBaaraBIBBBBBIBlI 
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BBSSaJ^lSaaSaS BBBBBBB 8888^^8— 22SS£S£SSmm ££££2——— —————— f \ rr < -4 

BBB^^UMBBaaMMaB BBBBB BBBBB^2n^aBal- .. . 

aprUB-^aaaaaaBBBBBBBBBBBfl^BUBBBBBBBBBBBBBBBBBBF'^UIBB BBBBBBBBBB BlIIiiiiBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBinil 

BBBBBBBBBflBBBBBEB^BBBBBBBBBBtaBBBBBBBBUr^BBBBBBBBB RIIIlRBIRIBRIli 

aaBBBBBBB BBBBBB^BUBBBBBBBBBBaBaBBBaBru^BaBBBBBaaaBaaBBBaaaaBaBBMBKi^— mfl— BBBBB I 

flrB^BflfliiBBniii*igaiaBaiaiiRi3^^Hu^HSM=#^— ■■■ml 

—■■raraB a a a bb bb b b b b a a ■ ■ a Burua a a a a bb b bbbbm Baa* a a ■ ■ a a a a a a x S BBBB I 

wSmman b a bb a ■ a a ■ a a ■ a a Kdmuuumu a 9 a n bbb Ebbib a a a ■ a a ■ Ban P ■■■■ | 

b|||||iMiaBBHRIiar:^BBIIIIBBBBIIBIlBlBUlllBBllBIIHVV|^^BiiHBK^^HRK!M 
K bb a a a a a a b b ubub a ■ bb ■ ■ ■ ■ ■■ b bbbbb Siifii ■ a a b a a ■ a bb 

BB a urZKdm a m bbbbbbbbbbbbbbS iiiibbbbb BBHiHfl^ i 
BBBKBaurURBaBaaaaaaHaaaBRBBr:«^BBBBflBBLBBflBBRBBBBBBBBaEIBBBBBBBBBli 

■BBIBhrillBaiBIBBIMRMaBaiBIt^BIflBBBIllIBBBIIBll.llllllIlIllIBBBBIBin^HH^HHBMHH^HHM 
BBBBB ■■■■ ■ a BB BBBBB BBBB ■■■■BBBB ■■■■■■BBBB BBBBBBBBBB BBBBBBB BBB BBRBBBBBBBBBBBBBBBBBBBBBBBBRBB BBBBBBBBBB 
BBBBlIMRaaMaMaaBaBBIBBBBBBBBBIBBBaBaMlIRaRRaRRBaRIMaKNIlRaaaMRRIRBBVBIMIIBaBIBIBBHIBIIBaaBBBBVIBBI 
■■■BBBBaRBBBUBBBBBBBBBBBBBBBB BBB BBB BBBB BBBBBBaBBBB ■ BRBMBaa BBBB BBBBBBKBBB BBB BBB BBBBBBBBBB BBBB B BBBBBBB 
BHBHH BBBBB BBBBBBB BBB BBB BBBBBBB BBBB B BBaBBBBBBBaBBBaBBBBaBBBaBaBBBBBBaBHHBBBBBBBBBBBBaBBRB5BBBBaHHRBBB 

“^■r . — ■**■■*■*— i 1 ■■■ ■■■ » ! X X » < ««>■ — —>»— »«■■ ■■— ■ WMM »lllM«m |||| m-g 

BBBBRBBBBBiBBBBBBBBBBPBBBBBMaBBBBBBBBBBBBBBBBBBBBgfcBBBRBBBBBBBBBBBBBBiiaBBiBBBBRBBBMBBB— BBBBBR BBB 
Bni}BBBBBBBnB&BBBBBBP>?BBBBBBBBaUBBBBBBBBB»BBBBBBBBr«'VBBBBBBBBgBBBBBBBBBKBBBBBBBBBr < «BBBBBBflBr : BBBBBBBBrOI 
BlhiBBBBBBiMBBBBflBflBB^BBBBBBBBBtfBBBBBBBB&iSBBBBBBBBBBBBBBBBBBBBBBBBBBflBaBBBBBBBBBWBBBBBBBBBBBnBBBBB^B 
iasaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBEiBBBBBRBBBBBBBaBBBBBBaBBBBBBBBBBBBBBBBBBBiiBBBBBBBBB 
BRBBIRBBBRBBBBBBBaaa MMBBB BBBBB ■■■■■■■■■■■■■■■■■■■■ BBBBBBBBBB ■■**■■■■«■■■■*■■■■■■ BBBBBBBBBB BBBBB BBBBB 
BBBBBBB ■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBRBBBBaBBBBBBBaBBBBBBBBBK<a|IJn<-7*>'H«lIBBBn 
BBB BBBBBBB BBBBB BBBa BBBB BBB BBBBBBBBBBBBBBaBaBBBBaB B BaaaRaBBBB BBBBBBBBBB BBBBBaBBBRBBaBBMBRBBHBBBH BBBBB 
BBBBIBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBMBBBBBBBaBBBBBBBBBBaBBBBBaBBBBBBBBBBBBBBBBBBaBBBBBB BBB BBBBBBBBBB 
■■■ ■■■■■■■ aaaaa aaaaa bbb aBBaa a a a^r^TJT-TiBaaaaaaaaaa bbb aaaaa aaaaa BaaaBaaaaaBBaaaBaBaa aaaaa aaaaa aaaaa bbbbb 
BBB BBBBBBBBBBBBBBBBBBBB— BBBBBBB l«a^ BBM aa B a aaBa aaBBBBBaBBBBBBBBBBBBBBBBaBBBBBBBiBBBBBBB BBBBBBB«BBB BB 
■■■■■BBBBaBBaBaBBBBBBBBBBBBBBHBBBBBBBBBaBBBBBBBBBBBaBBHaBBaBBaBBBBBflaflBaBBBBBaBRBBBaB BBflBB BBBBB BBBBB 
BBBBRBBaBB BBBBBBB BBBBBBBBBBBBHBBBBBBBBBBBBBBBRntBMRBBBBaBBaBBBaBBBBBBBBBBBBBBBBaRBaaaaBBBBaBBBBBBBBBa 
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flflBBBBBflBaBBBBaSBBBBBBBBflBBflBBBEBBBBBflBBBBBBBBBBBBBBBBaBBBBBBBaBflBBBBBBBBBBflBBBaBBBBBBflBBBBBBBBBBBBB 
BflflBaBBBBaBBnBaaflaBBBBaBBBBBHBIiaaBP.Vf^aBBBBPraBBFrfVnBBBBBBBBBBBBBBBBBBflBBBBBBBBBBBaBaaBBa BBB BBBBB 
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iiaaiiiBBRaiiiiiflflflflBflBflBflBaBBiaflflBflBBflflRRaiaBiiiiaiiaaiiaBRaBiiaaaiRiaBiiaMiRaBBiRaaRBBaflBBBflflflfliBBa 
BBflBaBBBBaBaaBBiBBBBBflflBBBBBBaBBBBBBBBBiBBBBBiBBBBaBBBBBBBBaBBBBBBBBBBBBBBBBBBBRBBBBBBBBBBBBBBBBBBBB 
■■■■BBaaaa aaaBa bbbbb bbbb a aaaaa a a BBBBBBBRaBBaBaEEB^ajfcBBBaaBBB bbbb a BBBaaaBBaaBBBaaaaBBBaBBBB bbbbb aaaaa 
aaaaa aaaaa aaaaa a aaa a BBaaaaaaaaa ■■■■aaaaa aaaaaaaa »fc&>%i Maaaaaa aaaaa aaaaa ■■■■■■■■■ aaaaaaaaaaB aaaaa aaaaa 

?-?Fy^PflM2H5I52E5SHSM B 5 B 9 aBa " aBaaaBa * aBBBBBBBBB »*"“ BllBBBBBBBBBBBBBBBBllBBBBBBaaaaaaaBaBBBBBaBaBaaaa 

K^£L4£y5fiES3S2KBM2 BBBBBaaaBBBBBBBaBaaBBBBBBBBBBBBBBBBBBaBBBBaBBBaBBBBBBBBBaaBBBBaaaaBaBaaaBBBBBBB 

■ b BBBB« b BBMBBBBBB—— ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
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RELATIVE POLARITY 


S-IVB STAGE 


Channel 

Servo 

Amp 

POLARITY 

SPUT Data > 

L/M Data 

Theo. 

SP 3 

SP 4 

SP 5 

SP 3 

SP 4 

SP 5 

P-Y 

B-P 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


C-P 

-f- 


+ 

+ 

+ 

+ 

+ 


B-Y 

- 

- 

- 

- 

— 


— 


C-Y 

- 

- 

- 

- 

- 


- 

4> P-Y 

B-P 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


C-P 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


B-Y 

- 

- 

- 

- 


- 

_ 


C-Y 



' 

— 

— 

— 

— 


NOTES: (1) Polarity of the servo amp outputs reflect a positive 

input to the FCC; a "+" actuator retracts and a 
actuator extends. 

(2) SPUT refers to "switch point utilization" test dataj 
L/M refers to "linearity and mixing" test data. 


3-37 























STATIC GAINS (SIM LA8 ) 


VEHICLE AS-210 FCC S/N 104.1 


S-XV8 STAGE 


AO GAIN (DEG/DEG). Al' GAIN (DEG/DEG/SEC) 


AXIS 

OUTPUT 

SP 

THEOR. 

ACTUAL PERCENT 

~ THEOR. 

ACTUAL PERCENT 


WINDING 



DEV. 


DEV. 

P-Y 

8P 

3 

0.4905 

0.4852 -1.0724 

0.7465 

0.7364 -1.3476 

P-Y 

8Y 

3 

C. 4905 

0.4853 -1.0546 

0.7465 

0.7366 -1.3187 

P-Y 

CP 

3 

G. 4905 

0.4836 -1.3901 

0.7465 

0.7341 -1.6498 

P-Y 

CY 

3 

C.49G5 

0.4843 -1.2579 

0.7465 

0.7361 -1.3895 

P-Y 

BP 

4 

C. 4905 

0.4852 -1.0775 

0.7465 

0.7370 — 1 • 2680 

P-Y 

BY 

4 

C.49C5 

0.4853 -1.0597 

0.7465 

0.7367 -1.30.59 

P-Y 

CP 

4 

C.49C5 

0.4838 -1.3596 

0.7465 

0.7348 -1.5614 

P-Y 

CY 

4 

C. 4905 

0.4846 -1.1868 

0.7465 

0.7359 -1.4074 

P-Y 

BP 

5 

C. 4905 

0.4851 -1.0826 

0..5745 

0.5681 -1.1049 

P-Y 

BY 

5 

C. 4905 

0.4852 -1.0724 

0.5745 

0.5670 -1.3016 

P-Y 

CP 

5 

C. 4905 

0.4837 -1.3698 

0.5745 

0.5655 -1.5546 

P-Y 

CY 

5 

G.49C5 

0.4844 -1.2376 

0.5745 

0.5671 — 1. 2793 

NOTE: 

allowable 

static gain 

devi ation is ± 2 % 
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FCC S/N oib4-I 
STAGE S-IVB 

CHAN B-P 
AXIS PITCH 
S.P.# 3 




























rees) 



































Normalized] at 


7 8 9 1 


5 6 7 8 9 1 


imiiflh 


j_ __ OPEN LOOP FREQUENCY RESPONSE 
, ~| ' SA-21 0 » S-IVB STAGE 


P-Y ATTITUDE ERROR FILTER x SERVO AMP 


6 7 8 9 1 




FCC S/N OlOA-T 
STAGE ■ S-IVB 
CHAN £>-/ 

AXIS Yfl/J 
S.P.# 3 


\ l“i Units Ohms, Microfarads 

r r i 


4ee 

zjzfctj: 

EBdr!: 




siiiisiiii 


~!~r * Approximate dc resistance of! 
V|~i_ Servo Amplifier winding 




BHiisaniniiiii 

UIHBBM 


iSiiii 


bsHHHI 

iniKimi 


sss 


— 3 — -p 


7 8 190 




































,Jv~ SEMI LOGARITHMIC 

46 

5400 






3 CVCLLS X 7<» DIVISIONS 

HAOC 

IN li W 






KCOFPCL Or ESSER CO 











« l\> <*» ^ 

cn 

cn 


M 

tr> *r» o 


X— * 2 “ 
0 * * 5 “ 


FCC S/N 0104-1 
STAGE > S-IVB 
CHAN B-Y 
AXIS YA 
S.P.# 3 


units. Ohms, Microfarads 


OPEN LOOP FREQUENCY RESPONSE 
S A -210 , S-IVB STAGE 


P-Y ATTITUDE ERROR FILTER x SERVO AMP 


mi 


IBS! 


!K] 


* Approximate dc resistance of 
44'!' I Servo Amplifier winding 


1 

-J 


J 

1 

_j_ 

-J- 


m i 


CY Hz 


linn 































Norm; 


5 6 7 8 9 1 


X = *Z' 
© = *6‘ 


m 


FCC S/N 0iO4-I 
STAGE S-IVB 

CHAN C-P 
AXIS pitch 
S. F.# 3 


OPEN LOOP FREQUENCY RESPONSE 
SA -210 > S-IVB STAGE 


P-Y ATTITUDE ERROR FILTER x SERVO AMP 


iji 


I-kHIHM 


mamm 


mnnuiBgiQBic^i^Eai 
iniai»iiiiBsasa 


illlili 


■ muiiui uummuiii 

ilHM 

■■ 


i J ! I I I 'I 

til ill I 




-ti-P 


BBSSSiR! 

BBHBlIBgjj 


■■final i 

Bill 

Haitian i 

ifiiHBa 

mini 


7 8 9 ib. o 


5 6 7 8 lEQ 

















































FCC S/N - 

STAGE S-IVB 
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T 

0.183D00E 02 

A0 

0 .490500E 

CO 

A1 

0.746509E 

00 

C2 

0.0 


Cl 

0,0 

C2 

0.750890E 

00 

K 3 

0 -759210E 

01 

M 

0.75921DE 

01 

K5 

0.484340E-03 

K7 

IK0 


KB 

D.69001GE 

01 

FLCG 

0.B2059DE 

01 

F« 

D.133790E 06 

FHOI 

O . 1 1 1 000E 

06 

SIB 

0.12JS8DE 

04 

THE 

0.212850E 

04 

FA 

0.100D00E 10 

ZETA 

0 . 1 0D00GE 

01 

FR&Y 

0.20BDDDE 

02 

ZR&Y 

0.700000E 

00 


RP 0 .i 01560 E or 


POLYNOMIAL COEFFICIENTS 


PHIF NUMERATOR 


O.IOQODE D 1 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 0.0 
PHTF DENOMINATOR 

0.0 

0.0 

0.0 

0.0 

0.0 

D.10000E 01 0.14754E 00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 0.0 
PHIDF NUMERATOR 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1000DE 01 D.12842E-01 

0.488 38E-02 

-0.56779E-05 

0.0 

0.0 

0.0 

O.D 0.0 

PHIDF DENOMINATOR 

0.0 

0.0 

0.0 

0.0 

0.0 

O.IOGOOE 01 0.18330E 00 

0.17536E-01 

0.94 195E-03 

0.10682^-05 

0.0 

0.0 

0.0 O.D 

GDDF NUMERATOR 

0.0 

0.0 

0.0 

0.0 

0.0 

0 . 1000PE 01 O.D 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 0.0 
GDDF DENOMINATOR 

o.o’ 

0.0 

0.0 

0.0 

0.0 

O.iOOOOE D l 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 0.0 
WS5(BS> NUMERATOR 

0.0 

0.0 

0.0 

0.0 

D.O 

0.10000E 01 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.D 0.0 

WSS(BS) DENOMINATOR 

0.0 

0.0 

0.0 

0.0 

0.0 

D.1000DE 01 0.10815E 00 

0.54762E-02 

0.18779E-03 

0.73902E-06 

O.1J671E-08 

0.0 

0.0 D.O 

WS3IAS' NUMERATOR 

0.0 

0.0 

0.0 

0.0 

0.0 

0.10000E 01 0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.D 0.0 

WSS(AS) denominator 

0.0 

0.0 

0.0 

0.0 

0.0 

D.1000DE 01 0.75576E-D1 

0.25899E-02 

D.46883E-04 

0 31980E-06 

0.68650E-09 

G.10417E 

0.0 0.0 

0.0 

O.D 

0.0 

0.0 

0.0 


FCC S/N 0104-1 
STAGE S-IVB 
CHAN 8-P, £-/ 
AXIS VtfCH, KAiV 
S.P.# 3 

— 


®®AL PAGE IS 

01 p 00E quality - 


T = 18. 9 - sec. P-Y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IVB STAGE, PITCH AXIS DATA 





AS-206 S1YB FCCYERIF T=18.9- SEC P/YT=0.000 BEND W/SL W/ CSP 
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' HOD El 

1 

2 

3 

4 

5 

6 

FBN 

2 . 1 77 GE OD 

6.0720E 10 

9.8020E 00 

1.3646E 01 

1.4191E 11 

1.6G68E 11 

ZK 

1.8362E 03 

1 .0129E 04 

6.0546E 03 

1.3Z20E 04 

3.4932E 04 

3.1G78E 04 

2B 

5 . 00DGE-03 

5 • 0OOOE-03 

5.00D0E-03 

5.0000E-D3 

5.0000E-03 

5.0C00E-02 

YB 

5 .376CE-DZ 

-2.5250E-P1 

-2.226DE-0I 

-2.875DE-0X 

-3.6430E-02 

7 . 836GE-D3 

YPB 

9 .917DE-03 

-5.1340E-02 

-4.3340E-02 

-4 .8160E-02 

-7.G53DE-03 

1.5520E-03 

YPP 

9 « 059GE-03 

-2.7610E-02 

2.8240E-03 

4.5070E-02 

-1 • 136DE-02 

2.6760E-02 

YA 

0.0 

0.0 

0.0 

0.0 

0.0 

,0.0 

YPRG 

8.647CE-03 

-3.9290E-03 

5.4210E-02 

1 .444OE-01 

l.CllOE-Oi 

-2.7560E go 

MODE 

7 

a 

9 

10 

11 

12 

fbh 

i . 622 IE 01 

1 *7 13 IE 11 

1.8358E 11 

1.9076E 01 

1.9193E 11 

2.0024E 11 

ZM 

4.7102E 03 

4.4279E 04 

1.9996E 04 

2.364 IE 03 

1.2667E 03 

6.4793E 04 

ZB 

5 . 00DGE-D3 

5 * 0000E-03 

5.0000E-03 

5 .OOOGE-03 

5.C00DE-O3 

5.ODD0E-O3 

YB 

-4.046CE-02 

-7.6730E-03 

2.64 IDE-02 

4. 074 DE -02 

-8-1420E-03 

-6.4960E-D2 

YPB 

-6 .4420E-03 

-1.2870E-03 

3.3030E-03 

4 .4270E-03 

- 8 .7220E-04 

-5.4620E-03 

YpP 

-1.8730E-02 

-3 .9900E-02 

-2.8540E-02 

i -321 GE-02 

9.1200E-03 

-4.9830E-03 

YA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

YPRG 

-1.9050E-01 

2.6150E 00 

-8.3940E-01 

7 .7480E-02 

6.7H0E-02 

2.0510E OG 

MODE 

* 13 

14 

15 

16 

17 

18 

FBN 

2.0762E 01 

2.1616E 11 

2.2212E 11 

0.0 

0.0 

0.0 

ZM 

3.5103E 03 

2.1985E 03 

1.5894E 03 

0.0 

0.0 

0.0 

ZB 

5 - OGOOE-03 

5 . 000GE-D3 

5.000GE-03 

0.0 

O.P 

0.0 

YB 

1.2310E-01 

5.7640E-02 

9. 674 PE-03 

0.0 

0.0 

0.0 

YPB 

7.3660E-03 

2.0730E-03 

-3.0170E-D4 

D-D 

0.0 

0.0 

YPP 

3.1040E-02 

-1 .262CE-03 

-9.629GE-P2 

0.0 

0.0 

0.0 

YA 

0.0 

0,0 

0 0 

0.0 

0.0 

0.0 

YPRG 

8.1D20E-0I 

Z .4 290E-01 

-5 . 1860E-01 0.0 
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1 

2 

3 

4 

, 5 

6 

FF$ 

3.2983E-01 

4 * 64 9 9E-0 1 

7. 1989E-01 

o.o ■ 

0.0 

0.0 

ZS 

5. 400 OE -05 

2.8300E-02 

2.8300E-P2 

0.0 

0.0 

0.0 

FMS 

3.5650E 03 

1.9975E 04 

1.6390E 03 

0.0 

0.0 

0.0 

XBS 

-2.9409E-01 

5.4149E 00 

5.3649E 00 

0.0 

0.0 

0.0 
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AXIS TircfJ, Yflrf 
S.P.# 3 


T = 18. 9 - Sec, P-Y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IVB STAGE, PITCH AXIS DATA 
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I00 8 270° 90° 280 


FC.C S/N OtoA-1 
STAGE S-IVB 
CHAN 

AXIS PITCH 
S.P.# 3 


0F POOH Q.UALUX 


NYQUIST FREQUENCY RESPONSE 
SA-21 0 S-IVB STAGE, PITCH AXIS DATA 


O *7 O 










I 350 ' 

ft 10“ 


T = 18. 9 - Sec. P-Y 
OPEN AT ACTUATOR 
NOMINAL CASE 








AS-206 SJVB FCCY2RIF T=2DD.- SEC P/YT=220.D BENC W/SL W/ CSP 


T 0.E00DDDE 03 

AO 

0.490500E 00 Al 

0.746500E 

00 

02 

0.0 , 

Cl D.O 

C2 

G.U7860E 01 K3 

0.120760E 

02 

K 4 

0.1207602 02 

K5 0.281740E-03 

K7 

0.0 

K 8 

0 .6737 1 OE 

01 

FLCO 

0.6368902 01 

FH 0 .64825QE 05 

FHOI 

0.7273102 D7 SIC 

0-121980E 

04 

THE 

0.2128502 04 

FA 0.100000E ID 

2ETA 

0.1000002 01 FROY 0 -2000002 

02 

ZRG-r 

0.7000002 00 

RP f 0.1G2430E 07 






- 



POLYNOMIAL 

COEFFICIENTS 

’ 




PH IF NUMERATOR 

O.IDOOOE 01 0.0 

0.0 


0.0 

0.0 

0.0 


0.0 

0.0 0.0 
PH IF DENOMINATOR 

0.0 


0.0 

0.0 

0.0 


0.0 

0.10D00E 01 0.I4754E 00 

0.0 


0.0 

0.0 

0.0 


0.0 

0.0 0.0 
PH1DF NUMERATOR 

0.0 


0.0 

0.0 

0.0 


0.0 

O.IDOOOE 01 o.49$68E-03 

0.578172-03 

-0 . 87218E-06 

0.0 

0.0 


0.0 

0.0 0.0 
PHIDF DENOMINATOR 

0.0 


0.0 

0.0 

0.0 


0.0 

0.10000E 01 0 .C5899E-01 

D.57290E-02 

0 • 16791E-03 

0.1B702E-06 

0.0 


0.0 

0.0 0.0 
CDDF NUMERATOR 

0.0 


0.0 

0.0 

0.0 


0.0 

O.lOQOOE 01 0.0 

0.0 


0.0 

0.0 

0.0 


0.0 

0.0 o.p 

0.0 


0.0 

0.0 

0.0 


0.0 

ODDF DENOMINATOR 

O.IDOOOE 01 0.0 

0.0 


0.0 

0.0 

0.0 


0.0 

0.0 0.0 

0.0 


0.0 

0.0 

0.0 


0.0 

WSS(BS) NUMERATOR 
O.IDOOOE 01 D.O 

0.0 


0.0 

0.0 

0.0 


0.0 

□.0 0.0 
WSSOSJ DENOMINATOR 

0.0 


D.O 

0.0 

0.0 


0.0 

O.JOOOOE 01 0.J0615E 00 

0.547822-02 

0 . 18779E-03 

0.73902E-06 

0.11671E-08 

0.0 

0.0 0.0 
US5CAS) NUMERATOR 

0.0 


0.0 

0.0 

0.0 


0.0 

O.IDOOOE 01 0.0 

0.0 


0.0 

0.0 

0.0 


0.0 

0.0 0.0 
WSS < AS) DENOMINATOR 

0.0 


0.0 

0.0 

0.0 


0.0 

O.IDOOOE 01 0.75576E-01 

0.25899E-02 

0.46883E-D4 

0.3I980E-D6 

0.88650E-09 

0.104172-11 

0.0 0.0 

0.0 


0 0 

0.0 

0.0 


0.0 


FCC S/N 0104-1 
STAGE S-IVB 
CHAN Z-Y 
AXIS Tnali YM 
S.P.# 4 


T = 200 - Sec. P-Y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-21 0 , S-IVB STAGE, PITCH AXIS DATA 
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AS-206 $1 VB FCCVFRIF T=200.- SEC P/YT=220.0 BEND W/SL W/‘ CSP 


BENDING DATA 


MODE 

1 

2 

3 

4 

5 

6 

FBN 

7.0310E 10 

i .4 101E 11 

1.4488E 01 

1.6067E 01 

1.6346E 11 

1.7131E 11 

ZH 

6.4275E 03 

2.5457E 04 

2.1625E 04 

2.8263E 04 

4.0118E 03 

4.115.E 04 

ZB 

5 .ODOUE-03 

5.DODDE-D3 

5.BQ0DE-03 

5.0000E-D3 

5.0D00E-D3 

5 .OGOOE-D3 

YB 

2.2690E-01 

2.4860E-01 

-4 .5250E-01 

1 .4 97CE-D2 

-7.1290E-02 

-1 .4450E-02 

YPB 

4.9840E-02 

5 ♦ 16SOE-02 

-9.6030E'02 

3.435CE-03 

-1.5390E-02 

-3.2610E-D3 

YPP 

2.9540E-02 

-3.3610E-02 

3.9770E-02 

2.0480E-02 

-1.4470E-02 

-3.7960E-02 

YA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

YPRG 

-2.Z05DE-D3 

-1.153DE-DI 

3.8S90E-D1 

— Z.6S50E 00 

-5.717DE-02 

Z.5310E do 

HODE 

7 

6 

9 

10 

11 

12 

FBN 

1.8365E 01 

1.9159E 11 

1.9226E 01 

2.003DE 11 

2.I093E 01 

2.1816E 11 

ZM 

2.7245E 04 

9.7499E 02 

9.6255E 03 

4.6567E 04 

5.8125E 03 

1.Q417E 03 

ZB 

$.GOOOE~D3 

5.0000E-D3 

5.QOOOE'D3 

5.000DE-03 

5 .OOOOE-D3 

5.0000E-03 

YB 

3 .163GE-02 

1 .2690E-02 

-6.4150E-02 

-3.6140E-O2 

1.0340E-01 

3 .4840E-02 

YPB 

S.5610E-O3 

2.5S4QE-D3 

-I.2840E-02 

-S .915GE-03 

1 .7140E-02 

5.6530E-03 

YPP 

-3.5350E-02 

1.1 130E-02 

5.7700E-03 

-3.0280E-04 

4.0740E-02 

1 .2480E-02 

YA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

YPRG 

-8.033DE-01 

3.8540E-02 

2.B400E-01 

1 #934 OE DO 

7 .04/DE-01 

Z.858DE-01 

NODE 

13 

14 

15 

16 

17 

18 

FBN 

2.2171E 11 

2.4037E 11 

2.4730E 01 

0.0 

0.0 

0.0 

ZH 

1 .51 HE 03 

4.1865E 04. 

1.9194E 04 

0.0 

0.0 

0.0 

ZB 

5 . DD0DE-G3 

5.0DD0E-03 

5.BC00E-O3 

0.0 

0.0 

0.0 

YB 

3.1090E-03 

-9.6040E-02 

-3.079DE-D1 

0.0 

0.0 

0.0 

YPB 

-J .3140E-04 

-1.2220E-02 

-3.5120E-D2 

0.0 

0.0 

0.0 

YPP 

-9 .353QE-D2 

4.6850E-P1 

1.8080E-01 

O.G 

0.0 

0.0 

YA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

YPRO 

-5 .2570E-01 

3.4000E-01 

-1.6550E 00 0.0 

SLOSHING DATA 

0.0 

O.D 

HODE 

1 

2 

3 

4 * 

5 

6 

FF5 

4.0632E-01 

3 .5156E-01 

7.0841E-D1 

0.0 

0.0 

0.0 

ZS 

5.4000E-05 

9.5000E-05 

9.500BE-05 

0.0 

0.0 

O.D 

FHS 

3.5140E 03 

3 .4 35 OE 04 

4.95DOE 02 

0.0_ 

□ .0 

0.0 

XB S 

2.1589E 00 

6.1659E OD 

4.S329E DO 

0,0 

0.0 

0.0 


FCC S/N oioA-X 
STAGE S-IVB 
CHAN C-P, H-Y 
AXIS Tnc/4^ yaW 
S.P.# 4 


T = ZOO - Sec. P- Y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-21 0. S-IVB STAGE, PITCH AXIS DATA 
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AS-206 SI VB FCCVERIF T=JOO.fl SEC F/tl-UZ.5 BEHO V/SL W/ CSF 


T 0 . 3 D00D0E 03 

AO 

0.49G5GGE 00 

At 

P.574500E 

00 

G2 

0,0 

Cl 0,0 

C2 

0.157120E 01 

K3 

0.170080E 

G2 

K4 

0 . 1 7008 DE 

K5 0.202440E-C3 

K7 

0.0 


K8 

Q.499230E 

01 

FLCG 

D.10114QE 

FM 0.6011 &0E 05 

FHOI 

0 .658140E 07 

$10 

0.121980E 

04 

THE 

0.212850E 

FA P 10 0 0 0 OF 10 

ZETA 

Q.1GOOG0E 01 

FRGY 0.200000E 

02 

ZROY 

0 .700000E 

RP 0 1022 5 OE 07 










POLYNOMIAL 

COEFFICIENTS 





PHIF NUHERA TOR 

0 • 1Q00QE 01 0.0 

0.0 


0.0 


0.0 

0.0 


0.0 

0.0 0.0 

0.0 


0.0 


0.0 

0.0 


0.0 

PH IF DENOMINATOR 



- 






0.10000E 01 0.14754E 00 

0.0 


0.0 


0.0 

0.0 


0.0 

0.0 0.0 
PH I OF NUMERATOR 

0.0 


0.0 


0.0 

0.0 

• 

0.0 

O.IOOOOE 01 0.49868E-03 

0.57817E-03 

-0.67218E 

-OS 

0.0 

0.0 


0.0 

0.0 0.0 

0.0 


0.0 


0.0 

0.0 


0.0 

PHIDF DENOMINATOR 









P.IODOOE 01 0.96163E-01 

0 57778E-D2 

0.17033E 

-03 

0.18976E-00 

0.0 


0.0 

0.0 0.0 
GCDF NUMERATOR 

0.0 


0.0 


0.0 

0.0 


0.0 

O.IOOOOE 01 0 0 

O.D 


0.0 


0.0 

0.0 


0.0 

0.0 0.0 
GDDF DENOMINATOR 

0.0 


0.0 


0.0 

0.0 


0.0 

O.IOOOOE 01 0.0 

0.0 


0.0 


0.0 

0.0 


0.0 

O.D 0.0 

0.0 


0.0 


0.0 

0.0 


0.0 

WSSCB S) NUMERATOR 
O.IOOOOE 01 0.0 

0.0 


0.0 


0/0 

O.D 

‘ 

0.0 

0 0 0 0 
WSS(BS) DENOMINATOR 

0.0 


0.0 


0.0 

0.0 


O.D 

D 10G0DE 01 0 1 0 815E 00 

0.54762E-D2 

G.18779E 

-03 

0 73902E-06 

0.1167 lE-08 

0,0 

0.0 0 0 

0.0 


0.0 


0.0 

0.0 


0 0 

WSStAS? NUMERATOR 









Q 10000E 01 0 0 

0.0 


0.0 


0.0 

0.0 


0.0 

0.0 0.0 

0.0 


0.0 


0.0 

0.0 


0 0 

WSS(ASJ DENOMINATOR 









O.IOOOOE 01 D.75576E-01 

0.25899E-02 

0.46883E 

-04 

0.31980E-06 

0.86650E-09 

0.1D417E- 

0.0 0.0 

0.0 


0.0 


0.0 

0.0 


0.0 


FCC S/N 0iO4-r 
STAGE S-IVB 
CHAN C-Y 
AXIS YM 
S.P.# 5 




T = 300 Sec. P-Y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IVB STAGE, PITCH AXIS DATA 
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AS-206 3IVB FCCVER1F T=300.D SEC P/YT=442 .5 BEHD W/SL W/ CSP 


BENDING DATA 


MODE 

1 

2 

3 

4 

5 

6 ' 

FBH 

7.6790E DD 

1 .4 17 IE 11 

1.5776E 01 

1.U069E 11 

1 . 66S7E 01 

1 .7135E 01 

2H 

6.1730E 03 

3.36G7E 04 

1.7417E 04 

2.5114E 04 

3.3569E 03 

2.6489E 04 

ZB 

5 . GOOOE-03 

5 . ODDOE-03 # 

5.00GQE-03 

5 .000GE-G3 

S.OOOOE-03 

5 .000 jE-03 

YB t 

5 .265GE-0X 

1.346QE-D1 

6.0980E-D1 

4 .5640E-02 

-3.D24DE-01 

-1.1190E-01 

YPB 

6 . 131 0E-02 

1.4540E-02 

8.4320E-02 

7.0230E-03 

-4 .603DE-02 

-1.T730E-02 

YPP 

4 . 515GE-G2 

-1 . 2270E-02 

-3.2590E-02 

L.5460E-02 

-9.2560E-03 

-3.316DE-02 

YA 

0.0 

0.0 

0.0 

0.0 

0.0 

D.O 

YPRG 

1.737DE-02 

5.4640E-02 

-2.8180E-01 

-2.5410E 00 

9.5100E-02 

2.0860E 00 

HODE 

7 

S 

9 

10 

11 * 

12 

FBN 

J.8373E U 

1.9172E 11 

1.9330E D1 

2.003SE 11 

2.1377E 11 

2.2147E 01 

2H 

4.5255E 04 

9 .264 IE 02 

2.78G4E 05 

3.2824E 04 

1.0133E 05 

2.7227E 04 

2B 

5.G0D0E-03 

5.0000E-03 

5.0000E-03 

5.0000E-Q3 

5.0000E-D3 

5.000DE-D3 

YB 

1.0500E-01 

9.001DE-03 

-7.9160E-01 

-5 .0640E-02 

5.1060E-01 

1.9820E-01 

YPB 

1 .7700E-02 

1 .6760E-D3 

-1 .4 160E-0I 

-9.3920E-03 

8.5500E-02 

4.0130E-02 

YPP 

-4 .473QE-G2 

1 .0820E-D2 

-4-. 1 i 80E-D2 

1 .3 170E-05 

1.7490E-01 

4.0730E-01 

YA 

D.D 

0.0 

0.0 

0.0 

0.0 

0.0 

YPRG 

-1 . 124QE 00 

4 . 556DE-D2 

1.8550E 00 

1.7450E PO 

1.0460E 00 

2.6670E 00 

HODE 

13 

14 

15 

16 

17 

' 18 

FBN 

2.2228E 11 

2.4D6DE 11 

2.5040E 11 

0.0 

0.0 

O.D 

■2M 

5 *4 261 E 0 Z 

3.2648E 04 

2.7021E 03 

0.0 

0.0 

0.0 

ZB 

5 . OOOOE-03 

5 00D0E-03 

5.0Q00E-D3 

0.0 

0.0 

0.0 

YB 

5 . OBI 0E-02 

-6 .01 1PE-02 

3.635GE-03 

0.0 

0.0 

0.0 

YPB 

8.595DE-03 

-1.1720E-02 

-3.3400E-03 

0.0 

0.0 

0.0 

YPP 

-1 .4220E-Q2 

3.7480E'Ol 

1 .4950E-02 

0.0 

0.0 

0.0 

YA 

0.0 

0.0 

0.0 

0.0 

0.0” 

0.0 

YPRG 

-2.5600E-02 

5 .4 570E-01 

-9.820CE-02 0.0 

SLOSHING DATA 

0.0 

0.0 

HODE 

1 

2 

3 

4 

5 

s 

FF 3 ' 

4 .5639E-01 

4 « 052 1E-0 1 

8.6373E-B1 

0.0 

0.0 

.0.0 

zs 

8.7000E-05 

1 .1700E-04 

1 .1700E-04 

0.0 . 

0.0 

0.0 

FHS 

3.0100E 03 

2.1400E 04 

1 .55 DOE 02 

0.0 

0.0 

0.0 

XBS 

4.7537E 00 

8.1247E 00 

6.1657E DO 

D.O 

0.0 

0.0 


FCC S/N 0104-1 
STAGE S-IVB • 
CHAN C-Y 
AXIS YW 
S.P.# 5 


T = 300 Sec. P-Y 
VEHICLE PARAMETERS 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IVB STAGE,' PITCH AXIS DATA 
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» SIMULATION' 
x HAR DW ARE 


NYQUIST FREQUENCY RESPONSE 
SA-210, S-IVB STAGE, PITCH AXIS DATA 


FCC S/N DlOA-1 
STAGE S-IVB 
CHAN C-Y 
AXIS YAvJ 
S.P.# 5 


T = 300 Sec. P-Y 
OPEN AT ACTUATOR 
NOMINAL CASE 


3-81 


n,, (MBTBBI) <«,, (NBTBEt) (NSTBBS) (MBTBBI) *BJ 0»*TB*B) (NET Ell) *«J <"«*«»»> * tJ ("STBBB) **1 (NSTIII) x (K/tlC 2 ) * T (BBS) ^ (BBC/ BBC ) » (DBO/SBC 1 ) * ( (”«> 


;iB8UtI0B (♦) 


M soto wrurtt* (♦) 




CLOSBD lOOt TIAUllll IBf/OISI 
TO A ITBP 1BPDT « DICE BBS 
» - M.« BBC. TAW All* 


3 82 


b-t swo /mint* (♦) 



ORIGINAL PAGE IS 
OF POOR QUALITY 







C LAI 10 too? TUIIIIIT IIIMMI 
TO A ITI» lore? <f • ±2 DIGtltS 
T * IM fie. rtTCa All! 
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ORIGINAL PAGE IS 
OF POOR QUALITY 
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(010) *• < t D«*/MO) * (MI/MO *f (Ma) < f 0M/lO * f, » (•■I1SH) l, » (MIHM) C, » (SHUN) T, fc (SllilM) *■(. (MIAOU) **» ((HUM) *■•< (SII1IN) <•**«■) *■ 




CLOSID LOur tuOlUT IIWOlu 
to a mr um V - ♦» ki«up 
T - J00 SIC. TAM All? 
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Section 4 

S-IVB, AUXILIARY PROPULSION SYSTEM 
TEST RESULTS AND ANALYSIS 


4-0 
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Section 4 


FCC S/N 0104-1 TEST RESULTS AND ANALYSIS 

S-IVB STAGE 

AUXILIARY PROPULSION SYSTEM 


TABULATION 

- Table 4 outlines the results of the tests performed on FCC S/N 0104-1 . The 
table serves as a ready guide to the following pertinent areas; 

• Location of the specific test results. 

• Statement as to whether IBM considers the FCC acceptable or unacceptable 
for flight. 


• Reference to the location of further analysis on a given test. 


Test Performed 

Results 
(Page No . ) 

A cceptable 

Analysis and Comments 

Spatial Amplifier Deadband 
and Polarity - IU and S/'C 
Control 

4-4 

Yes 

All amplifier deadbands, modulated zones, and full-' 
• on characteristics were within requirements of 
linearity scaling, and signal mixing. The space- 
craft ft channel gains and' limiters are correctly 
implemented. 


TABLE- 4:'~ — - RESULTS AND ANALYSIS OF FCC S/N 0104-1,. s-IVB STAGE,,; APS 



Test Performed 


Results 
(Page No. ) 



Analysis and Comments 


The spatial amplifiers exhibit acceptable on- times, 
pulse widths, and pulse frequencies when operating 
within the modulated firing zones. All engines 
fired continuously when -input signals were applied 
above the modulated- zones. All threshold and full- 
on values were within the ±5% tolerance. Worst case 
deviations were: 

• ^threshold - +1,875% in the spare spatial 

amplifier 

o 0 full-on - +1.172% in the I R spare spatial 

amplifier 

« ^threshold - +2.444% in the III^ prime spatial 
amplifier 

• <P full-on - +1.875% in the IIIp prime spatial 

amplifier 1 

Spatial amplifier threshold and full-on gain changes 
of 10/3.75 in pitch and yaw and 20/3.75 in roll were 
observed when switching from 1U to S/C control. 

All 4> channel delays were within the 40 to 70 milli- 
second range, and all <P channel delays were within 
the 240 to 270 millisecond range. 

Only minor deviations were seen at all frequencies; 
all noise signals >_ 18 Hz will be attenuated by 
40 db in the APS system. 


OF FCC S/N 0104-1, S-IVB STAGE APS 






4.2 


RESULTS 


The results of the S-IVB Stage study are presented on the following 
pages. To assist in the interpretation of the results, the following vehicle 
orientation is used. 



S-IVB STAGE (AFT) 

ACTUATOR AND APS NOZZLE LAYOUT 


4-3 



ORIGINAL PAGE IS 
OF POOR QUALITY 
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S-XVB STAGE COAST MODE 


SPATIAL AMPLIFIER THRESHOLD AND FULL-ON FOR IU AND S/C CONTROL 
(SUMMARY OF OPERATIONAL CHARACTERISTICS DATA) 



Ip INPUT OPERATION 

Theo. 

SPATIAL 

AMPLIFIER 

Threshold (volts) 

Full 

-On (volts) 

Gain 

IU 

Control 

S/C 

Control 

Gain 

Change 

IU 

Control 

S/C 

Control 

Gain 

Change 

Change 

Ip Prime 
m u y Prime 

0.797 

0.802 

0.310 

0.309 

2.571 

2.595 

1.275 

1.272 

0.496 

0.493 

2.570 

2.580 

fe"- &■"* 
o o 

1 — 1 rH 

i! 

hi R Prime 

0.804 

0.148 

5.432 

1.270 

0.242 

5.248 

r- on 
v£> m 

IIIp Spare 

0.800 

0.315 

2.552 

1.276 

0.503 

2.532 

♦ • 
rj in 

HI IV y Spare 
5v R Spate 

0.806 

0.816 

0„ 314 
0.157 

2.567 

5.197 

1.284 

1.295 

0.503 

0.250 

2.553 

5.180 

ti it 

in m 
c- c-- 
» • 
CO CO 








o o' 

— H (V] 








k, i-H 
K* »— 1 

i 0 


<P INPUT OPERATION 


HI Prime 

0.922 

\ 7 


\ 7 

1 , Prime 

0.906 

\ / 



IVY 



mm 


TIT Prime 

IV R 

0.897 

\ / 


\ / 

I_^ Spare 

' 0.897 


1 


P 


N/A 


N/A 

hi y Spare 

0.920 


1.460 


m il R Spare 

0.913 

/ \ 

1.445 

x \ 


TEST REQUIREMENTS 

• ip Channel Threshold 
« 4> t Channel Full-On 

e <A Channel Threshold 
© f Channel Full-On 


0.800 volts (±5%), 0.300 volts (+5%) with S/C Control 
1.280 volts (±5%), 0.480 volts (±5%) with S/C Control 
0.900 volts (±5%) 

1.440 volts (±5%) 
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CHANNEL TIME DELAY WHEN IN THE S-IVB COAST MODE 



TEST REQUIREMENTS: 

• $ Channel = 40 to 70 msec delay 

• Channel = 240 to 270 msec delay 
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SEMI LOGARITHMIC 46 5400 
1 CVCLL^ X /O DIVJSJf No H/U'f IN II J A 
Kpiprrri A P«?**ra co 


o» <o 

1 I 


+ 1 DEO/SEC 


CO^ST 

FCC S/N O IOH-X 
STAGE S-lVB 
CHAN. B-V 
AXIS 

S. P. ff N/A 
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dp 
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FCC S/N O/O^-X 
STAGE S-lVB 
CHAN. C-Y 
AXIS VA W 
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Appendix A 

SWITCHPOINT UTILIZATION 
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Appendix A 


SWITCHPOINT UTILIZATION 


A.l TEST PURPOSE 


This test verifies that the proper attitude error and attitude rate 
channel control gains are activated at the proper -switch point. In addition, 
it determines that each servo amplifier addresses an actuator with the correct 
relative polarity. 

A. 2 TEST RESULTS 

This test is applicable to both stages, therefore, it is presented in the 
Appendix. All Aq channel outputs were obtained by applying 1 degree to the 
input channels; similarly , % all A^ channel outputs resulted from the application 
of 1 degree/second to the £ input channels. 

The control gain switching results are presented on page A-2. An analysis 
of these results can be summarized as follows: 

• Control gain switching and vehicle staging were achieved as commanded. 

• The static gain magnitudes are correct within allowable tolerances. 

• Relative polarities of the respective servo amplifier outputs are 
correct . 


A-l 


S-XB 

5 -IB 

S-IB 

S-IB 

8-1B 

S-IB 

S-IVB 

S-IVB 

S-IVB 


test BEOpntrxrwTs 


P/Y 

P/T 

P/Y 

ROLL 

ROLL 

ROLL 

P/Y 

P/Y 

P/Y 


» - *i 4- 


29.6 

17.6 

a.s 

33.9 
27.2 
27.2 

32.9 
32.9 
32.9 


31.7 

19.2 

19.2 
19.9 
19.9 

15. 3 


S-XS STACK 
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Appendix B 


SPACECRAFT CONTROL 


B.l TEST PURPOSE 


This test verifies that the FCC honors the spacecraft attitude error 
inputs with the proper gain increase when going from IU control to space- 
craft (S/C) control. 

B. 2 TEST RESULTS 


This test is applicable to both stages; therefore it is presented in 
the appendix. All A 0 channel outputs were obtained by applying 1 degree to 
the ^ input channels. 

The if/ channel gains resulting from energizing the S/C control relays 
are presented on page B-2. An analysis of these results can be summarized 
as follows: 

• The FCC honors the spacecraft pitch and yaw attitude error inputs 
in the S-IB and S-IVB modes. 

• The pitch and yaw attitude error channels have the correct increase 
in A 0 channel gain (10/3.75) for S/C control. 

• The FCC honors the spacecraft roll attitude error input, and the 
correct increase in the A channel gain (20/3.75) is achieved. 
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Appendix C 

SERVO AMPLIFIER NOISE WITH 28-VOLT POWER SUPPLY VARIATION 


C.I TEST PURPOSE 


Since the 28-volt power supply varies throughout flight, there is 
concern for servo amplifier noise characteristics under these conditions. 
In particular, spurious oscillations can occur at a servo amplifier at 
other than the nominal 28-volt power supply setting. 

C.2 TEST RESULTS 


As a matter of convenience, this test data is presented in an appendix 
rather than on a per-stage basis. The worst case analysis is presented on 
page C-2. 
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SERVO AMPLIFIER NOISE AS POWER SUPPLY 
1 

IS VARIED 24 VOLTS TO 32 VOLTS 


Stage 

SP 

Servo 

Maximum Noise Characteristics 

Power Supply 
Setting/Range 

S-IB 

0 

IP 

28 mvp-p (Random) 

31.900 vdc 

Prime 


2P 

12 mvp-p (Random) 

24-32 vdc 

| Inverter, 


3P 

14 mvp-p (Random) 

31.900 vdc 

C.A.T. <a 


4P 

24 mvp-p (Random) 

31.900 vdc 

0 Seconds 


1Y 

38 mvp-p (0.7 Hz) 

24.100 vdc 



2Y 

26 mvp-p (0.7 Hz) 

24.100 vdc 


I 

3Y 

19 mvp-p (0.7 Hz) 

24.100 vdc 



4Y 

36 mvp-p (0.7 Hz) 

24.100 vdc 

S-IB 

0 

IP 

34 mvp-p (Random) 

24.550 vdc 

Prime 


2P 

14 mvp-p (Random) 

24.550 vdc 

Inverter, 


3P 

16 mvp-p (Random) 

24.550 vdc 

C.A.T. @ 


4P 

28 mvp-p (Random) 

24.550 vdc 

70 Seconds 


1Y 

42 mvp-p (Random) 

24.050 vdc 



2Y 

28 mvp-p (Random) 

24.050 vdc 



3Y 

21 mvp-p (Random) 

24.050 vdc 



4Y 

42 mvp-p (Random) 

24.050 vdc 

S-IB 

0 

IP 

24 mvp-p (Random) 

24.130 vdc 

Spare 


2P 

9 mvp-p (0.35 Hz) 

29.250 vdc 

Inverter , 


3P 

12 mvp-p (Random) 

24.130 vdc 

C.A.T. @ 


4P 

19 mvp-p (Random) 

24.130 vdc 

0 Seconds 


1Y 

54 mvp-p (Random with Spikes) 

24.000 vdc 



2Y 

30 mvp-p (Random with Spikes) 

- 24.000 vdc 



3Y 

25 mvp-p (Random with Spikes) 

24.000 vdc 



4Y 

52 mvp-p (Random with Spikes) 

24.000 vdc 

S-IB 

0 

IP 

40 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 

Spare 


2P 

13 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 

Inverter , 


3P 

19 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 

C.A.T. @ 


4P 

30 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 

70 Seconds 


1Y 

58 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 



2Y 

29 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 



3Y 

27 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 



4Y 

54 mvp-p (Random with 2.8 Hz Spikes) 

24.200 vdc 


NOTES; Data Recorded: 11/20/74 


(1) Specification 

• S-IB <. 60 mv p-p at <. 30 Hz. average per axis. 

• S-IB lOOmv p— p at 30 Hz. any servo. 

• S-IVB<_ 5 mv p-p at 21 30 Hz. any servo. 

(2) All peripheral sensors powered off. 
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SERVO AMPLIFIER. NOISE AS POWER SUPPLY 

r 

IS VARIED 24 VOLTS TO 32 VOLTS 


Stage 

SP 

Servo 

Maximum Noise Characteristics 

Power Supply 
Setting/Range 

S-IVB 

3 

B-P 

B-Y 

No servo amplifier noise variations 
were observed. 

24-32 vdc 

j 


C-P 

C-Y 



(1) Specification 

• S-IB <_ 60 mv p— p at <_ 30 Hz. average per axis. 

• S-IB lOOrav p-p at 30 Hz. any servo. 

• S-IVB<_ 5 mv p-p at 5 30 Hz. any servo. 

(2) All peripheral sensors powered off. 
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SERVO AMPLIFIER NOISE AS POWER SUPPLY 
IS VARIED 27 'VOLTS TO 29 VOLTS 


Stage 

SP 

Servo 

Maximum Noise Characteristics 

Power Supply 
Settine/Ranee 

S-IB 

0 

1Y 

24 mvp-p (0.9 Hz) 

27.280 vdc 

Prime 


2Y 

13 ravp-p (0.9 Hz) 

27.280 vdc 

Inverter, 


3Y 

10 mvp^p (0.9 Hz) 

27.280 vdc 

C.A.T. @ 

0 Seconds 


4Y 

24 mvp-p (0.9 Hz) 

27.280 vdc 

S-IB 

0 

1Y 

28 mvp-p (0.8 Hz) 

27.330 vdc 

Prime 


2Y 

17 mvp-p (0.8 Hz) 

27.330 vdc 

Inverter, 


3Y 

14 mvp-p (0.8 Hz) 

27.330 vdc 

C.A.T. @ 

70 Seconds 


4Y 

30 mvp-p (0.8 Hz) 

27.330 vdc 

S-IB 

0 

1Y 

24 mvp-p (0.4 Hz) 

27.350 vdc 

Spare 


2Y 

13 mvp-p (0.4 Hz) 

27.350 vdc 

Inverter, 


3Y 

11 mvp-p (0.4 Hz) 

27.350 vdc 

C.A.T. @ 

0 Seconds 


4Y 

24 mvp-p (0.4 Hz) 

27.350 vdc 

S-IB 

0 

1Y 

22 mvp-p (0*3 Hz) 

27.400 vdc 

Spare 


2Y 

18 mvp-p (0.3 Hz) 

27.400 vdc 

Inverter, 


3Y 

15 mvp-p (0.3 Hz) 

27.400 vdc 

C.A.T. <a 
70 Seconds 


4Y 

30 mvp-p (0.3 Hz) 

27.400 vdc 


NOTES: Date Recorded: 11/20/74 


(1) Specification 

• S-IB <. 60 mv p-p at ^ 30 Hz. average per axis. 

• S “ IB 1 100mv p-p at 1 30 Hz. any servo. 

• S-IVB<_ 5 mv p-p at i 30 Hz. any servo. 

(2) All peripheral sensors powered off. 
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Appendix D 


SERVO AMPLIFIER NULL AND NOISE CHARACTERISTICS 


D.l TEST PURPOSE 

This test verifies that the servo amplifier null and noise characteris- 
tics with input signals absent are acceptable. 

D.2 TEST RESULTS 

Servo amplifier null and noise values for the S-IB and S-IVB stages are 
tabulated in the body of this report. The actual null and noise traces are 
included in this appendix to provide a graphical representation of the S-IB and 
S-IVB servo amplifier null and noise characteristics. Null and noise charac- 
teristics with FCC power on for 30 minutes and with power on for 210 minutes are 
contained on pages D-2 and D-3, respectively. 
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Appendix E 

SIM LAB RG/CSP AND ACCELEROMETER FREQUENCY RESPONSES 


E.l TEST PURPOSE 


The signal sources, or sensors, for the FCC attitude rate and lateral 
acceleration channels are the Rate Gyro/Control Signal Processor (RG/CSP) 
subsystem and the Control Accelerometers, respectively. Frequency responses 
of these sensors can be of value in evaluating the open loop frequency responses 
of the FCC attitude rate and lateral acceleration channels. The RG/CSP fre- 
quency responses are also useful in analyzing the closed loop Nyquist responses. 

E.2 TEST RESULTS 


The RG/CSP subsystem and Control Accelerometer frequency response 
data, plotted on theoretical curves for comparative purposes, is presented 
on pages E-2 to E-29. Since the sensors are external to the FCC, this data 
is presented without comment as to its acceptability. 
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